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Abstract 
Behavioral evidence concerning memory in high-functioning forms of autism (HFA) and in 
moderately low-functioning autism (M-LFA) is reviewed and compared.  Findings on M-LFA 
are sparse.  However, it is provisionally concluded that memory profiles in HFA and M-LFA 
(relative to ability-matched controls) are similar, but that declarative memory impairments are 
more extensive in M-LFA than in HFA. Specifically, both groups have diminished memory for 
emotion- or person-related stimuli.  Regarding memory for non-social stimuli, both groups 
probably have mental-age appropriate nondeclarative memory; and within declarative memory, 
both groups have mental-age appropriate immediate free recall of within-span or supra-span lists 
of unrelated items, as well as cued recall and paired associate learning. By contrast, recognition 
is largely unimpaired in HFA but moderately impaired in M-LFA; and free recall of meaningful 
or structured stimuli is moderately impaired in HFA but more severely impaired in M-LFA.  
Theoretical explanations of data on declarative memory in HFA identify problems in the 
integrative processing, or the consolidation and storage, of complex stimuli; or a specific 
problem of recollection.  Proposed neural substrates include the following:  disconnectivity of 
primary sensory and association areas; dysfunctions of medial prefrontal cortex, hippocampus or 
posterior parietal lobe; or combinations of these associated with neural disconnectivity.  
Hypothetically, perirhinal dysfunction might explain the more extensive declarative memory 
impairments in M-LFA.  Foreseeable consequences of uneven memory abilities in HFA and M-
LFA are outlined, including possible effects on language and learning in M-LFA.  Finally, 
priorities for future research are identified, highlighting the urgent need for research on memory 
in lower-functioning individuals.  
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”It is impossible to separate the study of memory from that of autism” 
DeLong (2003, p. 741)  
 
Memory and learning are inseparable, and congenital or early acquired anomalies of 
memory will affect how and what an individual learns, which will in turn affect the course and 
outcomes of behavioral and brain development, including the ways in which an individual 
experiences and responds to the external world.   
It is well established that certain memory impairments are present in all individuals with 
autistic spectrum disorder (ASD) (Boucher & Bowler, 2008).  It is less clear, however, what 
differences there may be in the range and severity of memory impairments across the spectrum, 
from linguistically and intellectually able individuals with Asperger syndrome; through those 
high-functioning individuals in whom language is initially delayed but subsequently normalizes; 
through those with persistent, mild to moderate language impairment, usually accompanied by 
intellectual disability (ID); to the substantial subgroup of individuals with ASD who have little or 
no useful language and severe or profound ID.  The main aim of this paper is to offer for the first 
time a systematic comparison of memory in groups selected from two different points within the 
spectrum: specifically, to compare memory in high-functioning as compared to moderately low-
functioning individuals with ASD.    
There has, moreover, been little discussion of possible differences in the underlying 
causes of anomalous memory in high-functioning as compared to lower-functioning individuals 
with ASD, nor have possible differences in the developmental consequences of anomalous 
memory abilities across the spectrum been considered. Subsidiary aims are, therefore, to 
consider possible explanations of any differences in memory profiles that may emerge; and to 
compare likely behavioral consequences of uneven memory abilities in high-functioning as 
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compared to lower-functioning groups.  A final aim is to highlight lacunae in research in this 
area, and thereby to stimulate research into possible differences, as well as similarities, in 
memory abilities across the spectrum. 
Historical Background 
The history of research into memory in ASD shows an uneven pattern of interest. Several 
early researchers included tests of memory amongst their experiments. Some of these, including 
Rimland (1964), Hauser, DeLong, and Rosman (1975), Boucher and Warrington (1976) and 
DeLong (1978), speculated that autism might derive at least in part from developmental amnesia 
associated with hippocampal or diencephalic brain abnormalities.  It is important to note that 
diagnostic criteria for autism up to publication of DSM-III(R) (APA, 1987) included clinically 
significant structural language impairment (APA, 1980; Ritvo & Freeman, 1971; Rutter, 1968, 
1974, 1978).  The developmental amnesia hypothesis was therefore based on the study of 
individuals with what would now be diagnosed as autistic disorder (APA,2000). 
From the publication of DSM-III(R) onwards, most behavioral research focused on high-
functioning individuals with ASD on the grounds that these individuals have ‘pure autism’ 
uncontaminated by linguistic or intellectual impairments.  Tests of theory of mind, central 
coherence, and executive functions dominated over the next two decades, and research into 
memory declined.  Moreover, such investigations of memory as were carried out demonstrated 
predominantly normal abilities in high-functioning groups, indicating that a developmental 
amnesia hypothesis cannot explain autism per se (Bennetto, Pennington, & Rogers, 1996; 
Bowler, Matthews, & Gardiner, 1997; Renner, Klinger, & Klinger, 2000; Minshew & Goldstein, 
1993; Rumsey & Hamburger, 1988). Nevertheless, all the foregoing studies demonstrated minor 
anomalies and impairments of memory.  Moreover, further probing has confirmed and extended 
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the list of differences concerning ways in which high-functioning people with ASD remember 
and learn as compared to neurotypical (NT) individuals, as reviewed below. 
Theoretical Framework and Terminology 
Memory may be analyzed in terms of psychological processes or in terms of underlying 
systems.  Process-related distinctions have been made between deep and shallow encoding, item-
specific and relational encoding; immediate (short-term) and long-term memory; rapid, single 
trial learning and slow, repetition-based learning; recollection and familiarity; effortful and 
automatic retrieval; verbal and visuospatial memory. All these distinctions have some relevance 
for characterizing and understanding memory in ASDs, and will be referred to in the reviews and 
discussions below.  Brief definitions and discussion of process-related terms generally can be 
found in Gardiner (2008); and more extended discussions in Foster and Jelicic (1999) or Tulving 
and Craik (2000). Where the meanings of less familiar or more controversial process-related 
terms are critical to theoretical arguments being discussed, we provide definitions within the text, 
along with supporting references.  
A further process-related distinction has been drawn between nondeclarative (or implicit) 
and declarative (or explicit) forms of memory and learning. This distinction is based in part on a 
continuum of levels of conscious awareness at retrieval, ranging from no conscious awareness of 
memory (in the case of, for example, learning to walk); through borderline cases where, for 
example, one might say of a memory “I don’t think I imagined it….”; to a fully conscious 
awareness that what is remembered is a ‘true’ memory rather than fantasy or déjà vu.  Memory 
system theory overlaps with process theory at this point, in that system taxonomies also 
distinguish nondeclarative (aka ‘implicit’) and declarative (aka ‘explicit’) kinds of memory. 
Thus, within the well-known systems taxonomy developed by Tulving (1985; Schacter & 
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Tulving, 1994), perceptual memory (defined as automatic and unconscious memory for discrete 
single items, whether simple or complex) and procedural memory (which includes conditioning, 
habit memory, the acquisition of automatic sensorimotor and cognitive skills, and the acquisition 
of basic-level concepts) are characterized as nondeclarative.  By contrast, episodic memory 
(which holds contextual information about personally experienced events) and semantic memory 
(which holds impersonal factual information, including word meanings) are characterized as 
declarative. These memory systems acquire and store information in the long-term. Tulving’s 
taxonomy also includes working memory (WM), a system dedicated to the short-term 
maintenance and manipulation of information in thinking and reasoning (Baddeley, 2002).  
Tulving’s systems taxonomy has been widely used by ASD memory researchers, and his 
terminology will be used when reporting these researchers’ work.  However, Tulving’s 
distinction between episodic and semantic declarative memory systems does not coincide with 
some process-oriented explanations of memory profiles in ASD.  Neither does Tulving’s 
distinction between episodic and semantic memory systems coincide accurately with findings 
from the most commonly used tests of declarative memory--i.e., recall and recognition tests.  For 
these reasons, findings from memory studies of ASD will be presented and discussed under the 
broader headings italicized above, i.e. nondeclarative memory, declarative memory, and working 
memory.  Evidence relating to specialized forms of memory such as autobiographical memory 
and prospective memory will not be reviewed, because of a lack of data.  
Plan 
 The remainder of the paper is in two main sections.  The first of these consists of a 
review of behavioral evidence relating to memory abilities in high-functioning individuals with 
ASD and in lower-functioning ASD, presented separately. In the second main section, we 
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initially discuss possible causes of memory anomalies in higher-functioning and lower-
functioning ASD, including possible neural substrates.  We then discuss some foreseeable 
consequences of patterns of memory abilities and weaknesses in the two groups before closing 
the paper with a short section identifying future research priorities.  
Studies of Memory in ASD 
 Our central aim is to explore possible differences in memory abilities in higher- as 
compared to lower-functioning individuals with ASD.  Studies reviewed in this section therefore 
include only those in which ASD groups can be clearly differentiated as either ‘high-functioning’ 
or ‘lower-functioning’, excluding studies of mixed-ability groups (those that include both high- 
and low-functioning participants) or borderline-ability groups. To achieve this differentiation, the 
following selection criteria have been used. Studies of ‘high-functioning autism’ (HFA) include 
only those in which ASD participant groups had mean verbal quotients (VQ) of 85 or above or, 
when information on verbal abilities was not available, nonverbal/performance quotients (PQ) or 
full-scale IQs (FSIQ) of 90 or above. Studies of ‘moderately low-functioning autism’ (M-LFA) 
include only those in which ASD participant groups had mean VQ below 70. Studies of memory 
in nonverbal individuals are not available, and M-LFA groups generally had VQs above 50. 
Thus, studies included in the review relate selectively to groups either at the top end or in the 
middle of an extended continuum of abilities.
1
   
The term ‘HFA’ is used here to refer to all individuals with ASD and intellectual and 
linguistic abilities currently within the normal range, regardless of whether or not language was 
initially delayed.   Thus it includes high-functioning individuals in whom language has 
normalized following initial delay (the ‘HF-LN’ group), as well as individuals with Asperger 
syndrome (AS) in whom language onset was not delayed.  Evidence relating to individuals with 
Memory in ASDs 
[Type text] 
 
8 
AS as opposed to HF-LN will not be considered separately because there are too few studies to 
make comparisons meaningful.   There is in fact currently no robust evidence of persistent 
behavioral differences between high-functioning individuals with ASDs with or without a history 
of language delay (Frith, 2004; Macintosh & Dissanayake, 2004). Grouping them together may 
therefore be theoretically as well as pragmatically justifiable. However, the possibility of 
significant neuropsychological differences between the two subgroups has not been definitively 
ruled out.  For this reason, participant groups consisting solely of individuals with AS or solely 
of individuals with HF-LN are identified within tables in an Appendix, where this information is 
available.  
Decisions concerning whether or a not a particular study focused on individuals with ‘HFA’ 
or with ‘M-LFA’ as defined above are not only on such information as is provided concerning 
participants’ verbal and nonverbal abilities but also on the diagnostic criteria and ascertainment 
methods used to select participants.  Acceptable diagnostic criteria include those established by 
Rutter (1968, 1974, 1978) and by Ritvo and Freeman (1971), plus early versions of the 
Diagnostic and Statistical Manual (DSM) (American Psychiatric Association (APA), 1980), as 
well as DSM-III-R (APA, 1987), DSM-IV (APA, 1994; 2000) and International Classification of 
Diseases-10 (ICD-10) (World Health Association (WHO), 1992).  The only important difference, 
as opposed to differences of emphasis, between the earlier and later sets of diagnostic criteria are 
the exclusion of structural language impairment as an obligatory criterion from DSM-III-R 
onwards; the abandonment of ‘early onset’ as a diagnostic criterion; and the acceptance of 
Asperger syndrome as a form of ASD in ICD-10.  Regarding diagnostic ascertainment methods, 
it is only relatively recently that ‘gold standard’ methods of ascertainment have been developed, 
prior to which clinical judgment was necessarily relied on.  Clinical judgment generally 
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corresponds well with the results of gold standard tests (Risi et al., 2006), and we consider it 
acceptable here.   Reports of studies that do not state clearly either that (a) diagnosis was made 
by qualified psychiatrists or psychologists using one of the authoritative sets of diagnostic 
criteria listed above (b) diagnosis was made using the gold standard methods (or that an 
authoritative screening test was used to check diagnosis) are excluded the review. 
Other exclusion criteria are the following: (i) the inclusion of a high proportion (15% or 
more) of participants with atypical autism, or pervasive developmental disorder not otherwise 
specified (PDD-NOS); (ii) inadequate or inappropriate group matching procedures, including 
failure to equate the ratio of males to females across experimental and comparison groups; or 
matching experimental and comparison groups only on digit span. In addition, (iii) studies with 
fewer than 10 participants per group that report negative findings are excluded. However small-
scale studies that report positive findings are included, on the assumption that positive findings 
in small groups may relate to variables with large effect sizes.  
Studies included in the review were identified from reference lists from other papers, 
supplemented by electronic searches of peer-reviewed journal articles. All identified studies 
meeting the stated criteria are included.  Methodological details and main findings from these 
studies are tabulated in an Appendix. Within each table in the Appendix, studies are listed in 
order of the mean age of the ASD group tested.   Ordering by age reveals that almost all studies 
of memory in M-LFA are of school-age children, and participant group age is only mentioned in 
the main text where studies were of adults. Studies of memory in HFA have, however, involved 
groups aged from approximately 5 to 40 years, and where inconsistent findings are reported, age 
may be a factor.  Participant group age is therefore systematically indicated where findings are 
mixed (for example, across studies of free recall from declarative memory), but not elsewhere. 
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Finally, it is important to point out that because studies of mixed-ability groups were 
excluded, some well-known and important studies of memory in ASD are not cited in the main 
review.  Findings from some such studies are, however, reported and discussed when they shed 
light on similarities or differences in memory abilities across the spectrum. 
Nondeclarative Memory 
Nondeclarative memory in HFA (see Table 1 in the Appendix) 
Many, but not all, of the various forms of nondeclarative, or implicit, learning have been 
shown to be intact in studies of individuals with HFA (as defined above) when memory for non-
social stimuli is tested.  Thus, normal perceptual and conceptual priming have been reported in 
studies using words or pictures or music as stimuli (Bowler, Matthews, & Gardiner, 1997; 
Gardiner, Bowler, & Grice, 2003; Heaton, Williams, Cummins, & Happé, 2007; Renner et al., 
2000; Toichi, 2008).  Implicit category formation was unimpaired in a study by Molesworth, 
Bowler, and Hampton (2005) and unimpaired, although possibly atypically achieved, in studies 
by Bott, Brock, Brockdorff, Boucher, and Lamberts (2006) and by Soulières, Mottron, Giguère, 
& Larochelle (2011).  Implicit learning of spatial context was unimpaired in a study by Barnes et 
al. (2008).  Implicit learning of motor sequences was also unimpaired in Barnes et al.’s study, 
and in studies by Travers, Klinger, Mussey, and Klinger (2010) and Nemeth et al. (2010).  
Classical conditioning was reported to be unimpaired in a study by Sears, Finn, and Steinmetz 
(1994).  Finally, in a study comparing implicit and explicit learning in an HFA group, Brown, 
Aczel, Jime´nez, Kaufman, and Plaisted-Grant (2010) showed unimpaired performance on four 
implicit learning tasks (contextual cueing, motor sequence learning, artificial grammar learning, 
and probabilistic learning) contrasting with mildly impaired performance on an explicit memory 
task (paired associate learning).  By contrast, Gaigg and Bowler, (2007) demonstrated impaired 
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fear conditioning (in adults with AS).  Impaired sequence learning was reported by Mostofsky, 
Goldberg, Landa, and Denkla (2000).  However, the methodology used in this study was 
criticized in the report by Barnes et al. (2008) cited above, in which intact sequence learning was 
reported (see also the critique in Gordon & Stark, 2007).  It has, in addition, been argued that 
impaired motor skills constitute evidence of impaired implicit learning (Romero-Mungía, 2008; 
Walenski, Tager-Flusberg, & Ullman, 2006). Motor skills are undoubtedly impaired across the 
spectrum.  However, patterns of impaired and spared motor skills are heterogeneous in ASD, and 
it is certain that multiple factors are involved in shaping the different profiles that occur.  Other 
causes would, therefore, have to be ruled out before concluding that procedural memory 
impairments contribute to motor impairments. 
Nondeclarative memory in M-LFA  
There are effectively no reliable studies of nondeclarative memory in M-LFA (as defined 
above). Klinger and Dawson (2001) reported impaired category formation in an M-LFA group.  
However, the methodology used in this study was criticized by Molesworth et al. (2005; see also 
Molesworth, Bowler, & Hampton, 2008) and by Bott et al. (2006), casting doubt on the 
reliability of this finding.  Impaired motor skills might be indicative of impaired procedural 
learning across the spectrum, as argued by Walenski et al. (2006) and by Romero-Mungía 
(2008).  However, other causes would have to be ruled out before reaching this conclusion, as 
argued above.  
Observational and clinical evidence, however, suggests that most forms of nondeclarative 
memory are relatively unimpaired in M-LFA.  For example, Miller (1999) and Pring (2008) have 
concluded that low-ability savants, many of whom have ASD, achieve their exceptional feats of 
calculation, drawing, or musical improvisation using implicit perceptual representations and 
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procedures.  In addition, spontaneous behavior in individuals with M-LFA is dominated by 
habits and routines, suggesting that habit formation is also relatively unimpaired (Toal, Murphy, 
& Murphy, 2005).  Daily living skills involving appropriate use of everyday objects may be 
relatively spared even in some nonverbal individuals (Carter  et al., 1998; Kraijer, 2000), 
suggesting that implicit knowledge of basic-level categories can be acquired.  Behavioral 
training is used successfully in educational programs and is the intervention of choice for low 
ability individuals with challenging behavior, implying that instrumental – if not classical - 
conditioning is also at least relatively intact.  
Declarative Memory  
Declarative memory may be assessed using tests of recognition, free recall, or cued 
recall, and we review studies of declarative memory in ASD under these three subheadings. 
Source memory tasks constitute a specialized set of declarative memory tasks, and we review 
studies of source memory in a fourth subsection. Some comments concerning the processing 
requirements of cued recall and source memory are made prior to reviewing relevant studies in 
these subsections. 
Recognition in HFA (see Table 2 in the Appendix) 
Numerous studies show that performance on recognition tests using a variety of non-
social stimuli is unimpaired and occasionally superior in HFA. Thus: intact recognition of 
spoken words was shown in studies by Beversdorf et al. (2000), by Hillier, Campbell, Keillor, 
Phillips, and Beversdorf (2007), and by Salmond et al. (2005); intact recognition of written 
words was shown by Boucher et al. (2005), by Bowler, Gardiner, and Grice (2000a), and by 
Bowler, Gardiner, Grice and Saavalainen (2000b); intact recognition of spoken sentences was 
shown by Kamio and Toichi (2007) and of heard stories by Salmond et al. (2005) and Williams, 
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Goldstein and Minshew (2006a); intact recognition of pictures of common objects was shown by 
Ambery, Russell, Perry, Morris and Murphy (2006), Boucher et al. (2005),  Joseph, Steele, 
Meyer, and Tager-Flusberg (2005), Lind (2008)
2
,
 
 Renner et al. (2000), and Salmond et al. 
(2005); intact recognition of meaningless patterns or shapes was shown by Buitelaar, van der 
Wees, Swaab-Barneveld and van der Gaag (1999), Bigham, Boucher, Mayes and Anns (2010) 
and by Boucher, Bigham, Mayes, and Muskett (2008a); and intact recognition of pictures of 
common objects, of locations, and of colors was shown by Bowler, Gaigg and Gardiner (2010).  
Superior recognition of geometric shapes and symbols of various colors and number was shown 
by Hillier et al. (2007); and superior word recognition following phonological encoding was 
shown in an unexpected recognition test by Toichi et al. (2002).   
Some studies have investigated the susceptibility of individuals with HFA to making 
false positive responses on recognition tasks, and – in particular – to false positive responses 
when a set of semantically related targets are been presented in so-called ‘memory illusions’.  
Susceptibility to memory illusions was either typical or reduced in verbal recognition tasks 
reported by Beversdorf et al. (2000), Hillier et al., 2007, and Kamio and Toichi (2007).  
Susceptibility to false positive responses more generally was typical in a word recognition 
experiment by Bowler et al. (2000b), and reduced in a shape recognition experiment by Hillier et 
al. (2007). These observations are consistent with intact or superior recognition abilities. 
In contrast to the overwhelming majority of studies showing unimpaired or superior 
recognition of non-social stimuli by people with HFA, one study reported mildly impaired 
recognition of written words (Bowler, Gardiner, & Berthollier, 2004). Given the modest 
significance level reported (p < 0.05) this finding may have occurred by chance.   However, 
group sizes were quite large, and the finding might reflect a weak tendency towards impairment, 
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consistent with the likelihood that memory abilities in ASD lie along a continuum.  In the study 
by Bowler et al. (2010) in which recognition of objects, locations, and colors was unimpaired 
when tested individually, recognition of object-location or object-color combinations was 
impaired on a forced choice recognition task in which foils consisted of previously seen colors 
and objects in novel combinations. Similarly, Williams, Goldstein, & Minshew (2006a) reported 
impaired recognition of complex scenes when foils were of scenes resembling but not identical 
with the studied item.  
A handful of studies have investigated the effects of different encoding conditions on 
recognition memory.  Bowler, Gaigg, and Gardiner (2008a) assessed recognition of written 
words presented in the context of a second word that was either semantically related or unrelated 
to the target word.  They reported normally enhanced recognition of words presented in a 
meaningful context.  Similarly, in the study by Toichi et al (2002) that showed superior 
recognition of written words encoded phonologically, words encoded semantically were 
recognized normally.  By contrast, whereas participants in the comparison group in this study 
showed enhanced recognition of descriptive words such as ‘generous’ or ‘shy’ that they had 
judged to apply, or not to apply, to themselves, the HFA participants did not show this effect. 
This observation was replicated in studies by Henderson et al. (2009) and by Lombardo, Barnes, 
Wheelwright and Baron-Cohen (2007). Both these latter studies showed normal recognition of 
words encoded in terms of physical features (numbers of letters or numbers of syllables), but 
impaired recognition of words encoded self-referentially. 
Recognition of previously unfamiliar faces by people with HFA was shown to be impaired 
in studies by Boucher et al. (2005) and by Williams, Goldstein, and Minshew (2005a). In the 
former study, impaired face recognition contrasted with intact written word recognition (as was 
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also shown in a small-scale study by Ellis, Ellis, Fraser, & Deb, 1994). However, Salmond et al. 
(2005) reported unimpaired face recognition in a relatively small group, most of whom were 
diagnosed with AS.  
Recognition in M-LFA (see Table 3 in the Appendix) 
Compared with the number of studies of recognition in HFA, there are relatively few 
methodologically robust studies of recognition in M-LFA, and findings from those are mixed.  
Four studies of delayed recognition reported impairment. Thus, Boucher and Warrington (1976) 
reported impaired recognition of pictures of everyday objects, relative to age-matched NT and 
age- and ability-matched ID groups.  Summers and Craik (1994) reported impaired recognition 
of words used to name objects, relative to younger, ability-matched NT children. Lind (2008)
2
 
reported impaired recognition of named pictures of common objects relative to children with 
HFA or ID and relative to younger, ability-matched NT children.  Boucher et al. (2008a) 
reported impaired recognition of colored shapes relative to younger, ability-matched HFA and 
NT groups, but not relative to an age- and ability-matched ID group.  In the studies by Summers 
and Craik, and by Lind, recognition -- although impaired in M-LFA groups -- was better for 
stimuli the child had handled than for those only handled or named by the experimenter, 
reflecting a self-enactment effect similar to that in NT children.  
Three studies have reported unimpaired recognition. In one of these (assessing 
recognition of pictures), testing was immediate rather than delayed (Boucher & Lewis, 1992).  In 
the other two studies, unexpected recognition tests were given: Hill and Russell (2002) used 
recognition of common objects the child had handled in a previous task now unexpectedly 
assessed; Hauck, Fein, Maltby, Waterhouse, and Feinstein (1998) investigated recognition of 
pictures of common objects used in a preceding matching task now unexpectedly tested. 
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Regarding recognition of social stimuli, the study by Boucher and Lewis (1992) cited above 
found impaired immediate recognition of previously unfamiliar faces in the same children whose 
immediate recognition of pictures of houses was unimpaired.  Unfamiliar face recognition was 
also shown to be impaired in M-LFA in a study by Klin et al. (1999).  However, in a study by 
Wilson, Blades, Coleman and Pascalis (2009), unfamiliar face recognition was only mildly 
impaired relative to a young NT group, and unimpaired relative to an ability-matched NT group. 
Similarly, recognition of familiar faces (teachers at children’s schools) was shown to be impaired 
relative to an ID group in a study by Boucher, Lewis, & Collis (1998), but not in a study Wilson, 
Blades, and Pascalis (2007). 
Free recall in HFA (see Table 4 in the Appendix) 
Findings on free recall in HFA are mixed, depending largely on the nature of the stimuli.  
Studies of unrelated items are considered first, followed by studies of related items, of visual 
material, and finally of emotion- or person-related material. 
Free recall of supraspan sets of unrelated words or pictures of everyday objects, or of words 
from a single category, has been reported to be unimpaired in most studies of individuals with 
HFA. Intact performance is reported regardless of age groups assessed, and regardless of 
whether recall is immediate or delayed (e.g. Ambery et al., 2006; Bowler et al., 1997; Bowler, 
Gaigg, & Gardiner, 2008b; Minshew, Goldstein, Muenz, & Payton, 1992; Mottron, Morasse, & 
Belleville, 2001; Renner et al., 2000; Smith, Gardiner, & Bowler, 2007; Williams et al., 2006a). 
The ability to learn long lists of unrelated words over repeated trials is also reported to be 
unimpaired in most studies (Bowler, Gaigg, & Gardiner, 2008b; Bowler, Limoges, & Mottron, 
2009a; Buitelaar, van der Wees, Swaab-Barneveld, & van der Gaag, 1999; Salmond et al., 2005).  
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However, mildly impaired recall of unrelated words on trial 1 and also over trials was reported in 
adults by Minshew and Goldstein (2001).   
Despite the preponderance of studies reporting intact recall of unrelated words, there is some 
evidence suggestive of anomalous learning in single trial as well as multiple trial tests.  In a 
study of children, Renner et al. (2000) showed a lack of the usual primacy effect on single-trial 
recall; and Bowler et al. (2009a) noted that the primacy effect increases atypically slowly in HFA 
adults over repeated trials.  In addition, Bowler et al. (2008b) reported that the subjective 
organization of unrelated words in recall was idiosyncratic in HFA adults, but convergent in an 
NT comparison group, even though there was no difference in overall recall.  
Free recall of semantically related word lists by individuals with HFA is less robustly intact 
than free recall of unrelated items.  Studies by Bowler et al. (1997) and by Smith et al. (2007) 
showed that adults whose free recall of unrelated words was unimpaired had impaired recall of 
word lists composed of semantically related words. In another study of adults, Bowler, Gaigg, 
and Gardiner (2008a) showed that whereas recall of words presented in the context of an 
unrelated word was unimpaired, recall of words presented in the context of a semantically related 
word was impaired.  In addition, Bowler et al. (2000b) showed that impaired recall of 
semantically related words by an adult group was characterized by excess false positive 
responses, although these did not qualify as memory illusions.   Minshew and Goldstein (2001) 
reported impaired immediate recall of a list of related words by adults, although the impairment 
resolved over subsequent trials. Similarly, Salmond et al. (2005) reported a trend toward 
impaired immediate recall of related words by adolescents, which resolved over trials.  Bowler, 
Gaigg, and Gardiner (2009b) showed that free recall of lists of words from different categories 
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organized under superordinate category headings was unimpaired in HFA adults; however, 
analyses of items recalled showed reduced use of semantic relations between words. 
Some evidence suggests that people with HFA are able to utilize semantic meaning to 
enhance verbal memory but do not spontaneously do so. Thus, Gaigg, Gardiner, and Bowler 
(2008) showed that adults with HFA are impaired if words selected from a limited set of 
categories are presented without any encoding instruction but unimpaired when participants are 
instructed to encode by category during presentation. However, in the study by Smith et al. 
(2007) in which impaired recall of semantically related words was shown to be impaired, 
training participants to use categorical information to improve recall was not effective.  Most 
interestingly, Smith et al. also showed that when words could be organized by phonological 
similarity, phonological relatedness was neither spontaneously used nor used more effectively 
following training.  It may be the case, therefore, that it is relatedness amongst items generally, 
rather than semantic relatedness in particular, that is not readily utilized in recall by people with 
HFA. 
Because semantic relations and possibly inter-item relations more generally are not 
spontaneously utilized to aid recall, it is unsurprising that immediate free recall of sentences has 
been shown to be impaired relative to standardized norms in several studies (Botting & Conti-
Ramsden, 2003; Iwanaga, Kawaski, & Tsuchida, 2000; Williams et al., 2006a).  In the study by 
Iwanaga et al. (2000), preschool children with HF-LN were reported to be significantly more 
impaired than preschool children with AS.  However, sentence repetition was unimpaired in a 
study of children by Whitehouse, Barry, and Bishop (2008). Findings on story recall in groups 
with HFA are similarly mixed.  Three studies of adults have reported unimpaired story recall 
(Ambery et al., 2006; Boucher et al., 2005; Williams et al., 2005a).  However, another study of 
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adults reported marginally impaired immediate story recall with a strong trend toward 
impairment following a delay (Salmond et al., 2005).  Also, Minshew and Goldstein (2001) 
reported that both immediate and delayed story recall were impaired in a large-scale study of 
slightly younger and less able individuals than those tested by Williams et al. (2005a). In a later 
study of children, Williams et al. (2006a) also reported impairment in both immediate and 
delayed conditions. These mixed findings may reflect not only differences in stories used in the 
various studies, some of which may have required more social understanding than others; but 
also the age and ability of the HFA participants and the size of the groups tested (see Table 4 in 
the Appendix). 
Free recall of visual material has less often been assessed, and findings are mixed.  In tests 
of figure reproduction by HFA adults, Ambery et al. (2006) and Boucher et al. (2005) reported 
unimpaired ability, where Minshew and Goldstein (2001) reported impaired performance. 
Minshew and Goldstein additionally reported impaired ability to retrace complex mazes, 
although performance on a simple maze was unimpaired.  Studies of children by Verté, Geurts, 
Roeyers, Oosterlaan, and Sergeant (2006) and by Williams et al. (2006a) reported impaired 
ability to reproduce pictures and geometric designs after a short delay.   
Free verbal recall of passively observed naturalistic events involving people was reported to 
be impaired in adolescents with HFA (McCrory, Henry, & Happé, 2007).  Free recall of words 
with emotionally arousing connotations was impaired in a study of adults (Gaigg & Bowler, 
2008). 
Free recall in M-LFA (see Table 5 in the Appendix) 
Findings on free recall of unrelated as opposed to related material to some extent resemble 
those for HFA. In studies carried out before diagnostic criteria for autism were firmly 
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established, Hermelin and O’Connor (1970) showed that children with ‘infantile autism’ were 
not impaired on immediate free recall tests of supraspan unrelated word lists but were impaired 
when semantic relatedness or syntactic structure were introduced into the material for recall. 
Several methodologically acceptable studies subsequently confirmed and extended these 
observations. In particular, unimpaired immediate recall of supraspan lists of unrelated words 
was shown in studies by Boucher (1978, 1981a), Fyffe and Prior (1978) and Tager-Flusberg 
(1991).  Boucher (1978, 1981a) showed in addition that the recency effect in children with M-
LFA is equivalent to that of age-matched NT children and that unimpaired recall of unrelated 
words is achieved atypically by children with M-LFA, with enhanced recency compensating for 
a reduced primacy effect.  Regarding immediate free recall of structured or meaningful stimuli: 
Fyffe and Prior (1978) showed impaired recall of sentences in the same children whose 
immediate recall of unrelated words was unimpaired, noting in addition that impaired recall of 
sentences was associated with an exaggerated recency effect. The disruptive effect of enhanced 
recency on serial recall had earlier been noted by Frith (1970) in an experiment assessing 
immediate serial recall of structured but non-meaningful supraspan word lists, such as ‘spoon 
horse horse spoon horse horse.’ Tager-Flusberg (1991) reported impaired recall of semantically 
related words in the same group of M-LFA children
3
 whose immediate recall of unrelated words 
was unimpaired; she also reported that impaired recall of semantically related words was 
associated with reduced use of category clustering. One study of lower-functioning children 
reported impaired immediate recall of unrelated words, in this instance the names of common 
objects (Summers & Craik, 1994).  
Turning to tests of delayed recall, Boucher and Warrington (1976) reported impaired 
delayed recall of supraspan lists of unrelated words; and Boucher and Lewis (1989) showed 
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impaired ability to carry out spoken or demonstrated instructions with or without an intervening 
delay (with intact ability to carry out written instructions not requiring memory). In the latter 
study, Boucher and Lewis also showed that participants with M-LFA asked more repeat 
questions than non-autistic participants in a simplified ‘20 questions’ game, suggesting impaired 
memory for their own recent utterances. Boucher and Lewis (1989) also replicated the finding 
from an earlier study by Boucher (1981b) showing that delayed free recall of activities in which 
children with M-LFA had actively participated was impaired relative to recall by non-autistic 
children with ID.  Millward, Powell, Messer, and Jordan (2000) reported a similar finding in a 
study comparing children with M-LFA with younger NT children (no ID group was included).  
These authors also reported that although the autistic children’s recall of their own activities was 
severely impaired relative to recall by the young NT group, recall of what another child had been 
observed doing was not impaired – a ‘reverse enactment effect’.  The methodology underlying 
this latter finding has, however, been questioned (Hare, Mellor, & Azmi, 2007; Lind, 2010). 
Moreover, in an attempted replication by Hare et al. (2007), no reverse enactment effect was 
observed in very low ability adults with M-LFA compared with non-autistic ID adults. On the 
other hand, there was a trend towards a self-enactment effect in both groups. The M-LFA adults 
performed consistently less well than the ID group in this study, although none of the group 
comparisons reached significance.  However, this negative finding should be treated with 
caution, given that group sizes were relatively small and some participants in both groups 
performed at floor. 
Cued recall: Introductory remarks 
All experimental tests of recall are, of necessity, at least minimally cued. Thus, tests of 
‘free recall’ typically identify a set of stimuli to be recalled by providing information about the 
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study context, such as ‘the words you heard just now’ or ‘the pictures I showed you yesterday.’ 
This kind of cue requires the participant to generate their own further cues before individual 
target stimuli can be directly and automatically retrieved.   
In contrast, in tests of ‘cued recall’ as commonly understood, cues usually bear some 
well-established relationship to targets such as may lead directly and automatically to the 
reactivation of an individual target stimulus. For example, if a list of studied words included 
‘pig,’ provision of the category cue ‘farm animal’ may automatically and directly reactivate the 
target response ‘pig,’ which the participant can identify as feeling correct – i.e., as having been in 
the study word list.  However, if automatic reactivation does not occur, this kind of cue may be 
used to generate a set of possible targets from semantic memory, from which the target response 
can be recognized as recently experienced (e.g. ‘sheep..? cow..? hen..?  PIG!’):  a ‘generate-
recognize’ strategy.  There is considerable variation, however, in how informative cues of this 
kind may be.   For example, whereas the cue ‘farm animal’ enables the participant to generate a 
relatively small set of candidate responses amongst which ‘pig’ is quite likely to appear, the cue 
‘animal’ has the potential to generate a very large set of targets within which ‘pig’ may not 
occur. Thus, different cues offer different amounts of what Bowler, Gardiner, and Berthollier 
(2004; Bowler et al., 2009b) refer to as ‘task support’. 
In paired associate learning (PAL), which constitutes a type of cued recall, a novel and 
arbitrary relationship is generally established between two stimuli during study, and one stimulus 
is then used to cue recall of the other stimulus at test. For example, one word may be used to cue 
another (e.g., ‘What word went with ‘book’?’); or an object to cue a location (e.g., ‘Where was 
the triangle on the grid?’); or a face to cue a name (‘What was this person called?’).  
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Source memory tests constitute a specialized type of cued recall. However, because there 
are several subtypes of source memory tests, studies of source memory are reviewed in a 
separate section.  
Cued recall in HFA (see Table 6 in the Appendix) 
Performance by participants with HFA on standard tests of cued recall or PAL is 
generally unimpaired.  In a study by Mottron et al. (2001), category names were used to cue 
delayed recall of category exemplars, and initial syllables to cue recall of polysyllabic words.  
Low-frequency targets were used, to reduce successful guessing. So, for example, ‘broccoli’ 
rather than ‘peas’ or ‘carrots’ was the target cued by the category name ‘vegetable’.  Delayed 
recall of words in response to written word-fragment cues was unimpaired in studies by Bowler 
et al. (1997) and Gardiner et al. (2003).  Delayed recall of unfamiliar proper names in response to 
cues relating to occupations was unimpaired in a study of adults by Ambery et al. (2006).  
Paired word associate learning following a delay was unimpaired in the study by 
Gardiner et al. (2003), and was unimpaired regardless of whether testing was immediate or 
delayed in the study by Ambery et al. (2006), as well as in studies by Minshew and Goldstein 
(2001) and by Williams et al. (2005a). Sound-symbol PAL and object-location PAL were also 
reported to be unimpaired regardless of whether recall was immediate or delayed (Williams, 
Goldstein, & Minshew, 2006b).  Similarly, studies by Caron, Mottron, Rainville, and Chouinard 
(2004) and by Salmond et al. (2005) showed unimpaired route learning; it may be assumed that 
successive features along the route acted as cues for recall. The study by McCrory et al. (2007) 
in which free recall of passively observed naturalistic events was found to be impaired showed 
that when leading or direct questions were supplied as recall cues (e.g., ‘What were they 
wearing?’), performance was unimpaired. Similarly, a study of eye-witness testimony by adults 
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with HFA showed that non-informative prompts and direct questions can, if sensitive to the 
needs of individuals, also elicit unimpaired recall relative to ability-matched NT adults (Maras & 
Bowler, 2010).  
Contrasting with these findings, PAL using word pairs was reported to be mildly 
impaired in a study by Brown et al. (2010).   Two studies have reported severe impairment of 
face-name associate learning (Ambery et al., 2006; Salmond et al., 2005) and impaired cued 
recall of pictures depicting family scenes has also been reported (Williams et al., 2005a).  
Cued recall in M-LFA (see Table 7 in the Appendix) 
 Cued recall and PAL are largely intact in M-LFA, as in HFA. Four studies using standard 
tests of cued recall with M-LFA groups have been reported. Boucher and Warrington (1976) 
reported that the ability to use phonological cues (e.g. ‘Fr..’ to cue ‘fruit’) was not only 
unimpaired relative to an age and ability-matched group without autism but also unimpaired 
relative to an age-matched NT group.  Both the comparison groups performed somewhat less 
well than the M-LFA group in terms of numbers of items recalled, and it therefore seems 
unlikely that this striking negative finding occurred by chance, although group sizes were small.  
In a second study reported in the same paper, Boucher and Warrington assessed the ability to use 
semantic cues (e.g., ‘Something you sit on’ to cue the relatively low-frequency target ‘stool’) and 
again reported intact performance relative to age-matched NT and ability-matched ID groups. 
Similarly, Tager-Flusberg (1991) assessed the ability of children with M-LFA to use rhyme cues 
(e.g., ‘box’ to cue the target word ‘fox’) and also category cues (e.g., ‘fruit’ to cue recall of 
‘cherry’) and reported no impairment, nor was there any difference between the ability to use 
rhyme as compared to category cues in any of the three groups tested.  Farrant, Boucher, and  
Blades (1999) assessed the spontaneous use of visually available category cues (e.g., a picture of 
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a bathroom to cue verbal recall of ‘toothbrush’, ‘soap’ etc.), and reported no impairment in an 
M-LFA group.  Klin et al. (1999) showed intact ability (relative to a group of children with non-
ASD-related developmental or psychiatric disorders) to recall the location of a picture on a page 
when cued with the picture.  Finally, verbal PAL was shown by Boucher and Warrington (1976) 
to be at an age-appropriate level and superior to that of ability-matched controls. No other 
methodologically acceptable tests of PAL in M-LFA have been reported, and Boucher and 
Warrington’s striking finding is in clear need of replication.   
Two studies that reported impaired free recall of participants’ own or others’ activities 
showed significantly improved recall when informative cues were provided (e.g., ‘What did you 
buy in the shop?’) (Boucher & Lewis, 1989; Millward et al., 2000). Nevertheless, the M-LFA 
group was impaired relative to a young NT group in the Millward et al. study, with a strong trend 
toward impairment relative to an ID group in the Boucher and Lewis study. In their study of M-
LFA adults’ ability to recall their own or others’ activities, Hare et al. (2007) also reported that 
cueing significantly improved recall of actions, especially those that had been carried out by the 
participant, and no impairment was reported relative to individuals with ID without autism. 
Similarly, Hill and Russell (2002) reported unimpaired recall of actions children had previously 
carried out with two common objects (for example, placing a pig on a box), when later given the 
objects and instructed to ‘Show me what you did with these’.   
Source memory: Introductory remarks 
 Source memory tests constitute a specialized type of cued memory task in which stimuli 
that have been correctly identified in a standard recognition test are used as cues to information 
(generally referred to as ‘contextual information’) associated with that stimulus when it was 
presented in the study phase.  Memory for contextual information may be assessed by cued 
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recognition or by cued recall.  For example, a participant who has correctly recognized a word 
presented during the study phase might be shown a set of colors and asked ‘Which of these 
colors was this word printed in?’ --  a cued recognition task.  Alternatively, the participant might 
be asked:  ‘What color was this word printed in?’ -- a cued recall task.   Associations between 
cues and targets may be established either intentionally (‘Try to remember the word and the 
color it is printed in’) or incidentally (‘Try to remember the words’).  
Source memory recall tests vary in difficulty in the same ways as other kinds of cued 
recall.  In the example above, the recognized word (e.g., ‘dog’) may directly trigger a memory 
that it was printed in purple when seen at study.  If direct activation does not occur, then a 
generate-recognize strategy may be used with a relatively high chance of success, provided that 
the set of color names constitutes well-established semantic knowledge, is clearly delimited, and 
relatively small.  By contrast, in the ‘remember-know’ source memory paradigm (Gardiner & 
Java, 1993), participants are asked to say whether they recall anything they personally 
experienced when a recognized word was presented at study. In this task, the contextual 
information to be recalled may sometimes have arisen from an established association (e.g., the 
word ’dog’ conjured up an image of the participant’s own dog) but is more likely to involve a 
novel and arbitrary association (e.g., a bell rang just when the word ‘dog’ was presented; or 
‘dog’ came after the word ‘bird’). The more arbitrary the association between a recognized 
stimulus and the item of contextual information to be recalled, the less source memory tasks 
resemble ‘standard’ cued recall tasks and the more they resemble free recall tasks or most PAL 
tasks.  
Memory for contextual information related to people is assessed in ‘source monitoring’ 
tasks (Johnson, Hashtroudi, & Lindsay, 1993). In source monitoring tasks, interest focuses on the 
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external or internal sources of recognized stimuli, where internal refers to the participants 
themselves and external refers to some other person or persons.  So, for example, a participant 
who has correctly recognized a previously heard word might be asked ‘Was it spoken by a man 
or a woman?’ (two external sources); or ‘Did I say it, or did you?’ (one external one internal 
source – sometimes referred to as reality monitoring); or ‘Did you say it, or did you just think 
it?’ (two internal sources).  The non-specific memory processing demands of source monitoring 
tasks are low: recognition tests are widely used (e.g., ‘Did this person say the word, or did that 
person?’), and recall tests generally probe two alternatives (e.g., ‘Did you say it or think it?’).  
Attention therefore focuses on the social nature of the tasks. 
Source memory in HFA (see Table 8 in the Appendix) 
Findings on source memory in HFA are mixed. A study of adults by Bowler et al. (2004) 
showed unimpaired ability to recognize (from a written list) a description of what they had been 
asked to do when a particular word had appeared on a screen in the study phase (e.g. find a 
rhyme, or think of a related word). However, the same participants were impaired on a recall test 
of the same contextual information, even though only four alternatives were involved.  Using the 
remember-know paradigm (also with adults), Bowler et al. (2000a) further showed impaired 
recall of self-experienced contextual information associated with remembered words. In a study 
of children using a task designed to replicate the processing demands of the remember-know 
paradigm, Bigham et al. (2010) demonstrated impaired recall of manual actions that had been 
arbitrarily associated with a meaningless shape in the study phase. In contrast, Salmond et al. 
(2005) reported that adolescents had unimpaired recall of temporal source in a word recognition 
test, conflicting with findings from a well-known study of children by Bennetto et al. (1996), in 
which ASD participants were of mixed ability.   
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To the best of our knowledge, no tests of source monitoring have been carried out with 
HFA groups.  However, O’Shea, Fein, Cillessen, Klin, and Schultz (2005) assessed source 
memory for impersonal and person-related contextual information in a mixed-ability, 
predominantly high-functioning group, reporting intact memory for impersonal, but impaired 
memory for person-related, contextual information. 
Source memory in M-LFA (see Table 9 in the Appendix) 
  Only two studies of source memory (as opposed to source monitoring) in M-LFA have 
been reported, one of source recognition and one of source recall.  In the study of source 
recognition (Russell & Jarrold, 1999), picture cards were taken from, and returned to, one of four 
differently colored boxes during study. In one condition this was done by the experimenter and 
in another condition by the child.  Source memory was tested by asking children to return 
correctly recognized picture cards to their appropriate boxes, visible on the table in front of the 
child. Children with M-LFA were not impaired on this task. However, whereas a reverse 
enactment effect occurred in ID and younger NT comparison groups—with children in these 
groups recalling color-source more accurately in the experimenter-performed than the self-
performed condition—this effect did not occur in the M-LFA group, in which participants 
perforrmed similarly in both conditions.  In the study of source recall (Bigham et al., 2010) 
participants were shown a set of everyday objects individually, one of which – presented toward 
the middle of the sequence – was a banana. At test, participants were asked whether correctly 
recognized objects had been presented before or after the banana, in a test of temporal source 
memory. Teenagers with M-LFA were impaired relative to non-autistic ID and young NT 
comparison groups on this task.  
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Two studies of reality monitoring in M-LFA have been reported.
4
 In a second experiment 
reported in the paper by Russell and Jarrold (1999), cited above, the participant and the 
experimenter took turns to place a picture card on a grid, either on their own behalf or on behalf 
of a doll partner. Following each successful response on a subsequent picture recognition test, 
participants were asked who had placed the card on the grid, the participant themselves, the 
experimenter, or (nominally) one of the dolls. Children with M-LFA were impaired on this task, 
relative to ID and NT comparison groups. Moreover, the children with M-LFA differed from 
both comparison groups in failing to show a positive self-enactment effect.  In the experiment by 
Hill and Russell (2002), which included a test of cued recall of an action such as placing a pig on 
a box, participants took turns with the experimenter in carrying out the action. Participants were 
subsequently asked to recall whether they, or the experimenter, had carried out the action.  
Children with M-LFA were not impaired relative to ID and younger NT comparison groups in 
the main statistical comparison, though mild impairment emerged when selected subsets of 
participants were compared. 
Working Memory 
Two components of working memory (WM) may be distinguished: First the so-called 
“slave” systems (Baddeley, 2002) that maintain information in an activated on-line state for the 
purposes of further cognitive processing; and second the set of executive functions that control 
this further cognitive processing. The “slave” systems may hold internally generated 
information, and/or information from immediate (short term) memory. In the reviews that 
follow, studies of immediate memory/ “slave” system capacity are considered first, followed by 
consideration of studies assessing executive functions in WM.  
Working memory in HFA (see Table 10 in the Appendix) 
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Findings on WM in HFA are mixed.  Tests of the immediate, serial-order free recall of a 
sequence of unstructured items such as digits, spatial locations, or single words generally show 
normal capacity in groups with HFA, as assessed using standardized tasks (e.g., Cui et al., 2010; 
Joseph et al., 2005; Minshew, Turner, & Goldstein, 2005; Siegel, Minshew, & Goldstein, 1996; 
Verté et al., 2006; Williams, Goldstein, Carpenter, & Minshew, 2005b; Zinke et al., 2010).   
Most of these studies assessed children. Nonword repetition in children with HFA is also 
reported to be intact (Whitehouse et al., 2008).  In a study of adolescents, Ozonoff and Strayer 
(2001) reported intact ability to recall the spatial locations of geometric shapes that had been 
presented simultaneously on a screen prior to a short delay, indicating unimpaired spatial 
memory capacity. 
In contrast, Manjiviona and Prior (1999) reported mildly impaired digit span in children, as 
assessed by the Wechsler Intelligence Scale for Children (WISC). In a study of adults using more 
sensitive scoring procedures than those in standardized tests, Poirier, Martin, Gaigg, and Bowler 
(2011) reported impaired immediate recall of both digits and words, associated with diminished 
recall of order rather than of items. Williams, Goldstein, Carpenter, and Minshew (2005b; see 
also Williams et al., 2006a) reported impaired sequential spatial span in both children and adults, 
although immediate serial order recall of non-spatial items was intact for both groups (as noted 
above).  In their test of adults, Williams et al. (2005b) used a version of the Corsi blocks task that 
included a backwards as well as a forwards recall condition.  Separate scores for the two 
conditions were not, however, reported. 
These discrepant findings are hard to reconcile. Age does not appear to be a factor.  The 
WISC Digit Span subtest includes a test of backwards as well as forwards recall, and Manjiviona 
and Prior ascribe their finding of impired digit span on the WISC backward digit span, with 
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forward span unimpaired. Backward digit span requires some executive control and recall length 
is generally somewhat shorter than forward digit span in NT populations (Wilde & Strauss, 
2002). However, WISC norms for this subtest are based on the combined forwards and 
backwards scores, and the majority of studies of HFA groups show normal performance on this 
subtest contrary to reports of unimpaired digit span from other studies using the Wechsler tests 
(see Siegel et al., 1996 for a review).  With regard to findings on spatial span, it is similarly 
tempting to suggest that the introduction of a backwards condition in the Corsi blocks test can 
explain Williams et al.’s (2005b) finding of impairment in adults. However, problems with 
backward spatial span cannot explain Williams et al.’s (2005b) finding on children, which relates 
to a forward only task.  Poirier et al.’s (2011) report of diminished memory for serial order may 
have potential explanatory power but is currently an isolated observation. 
  Working memory tests requiring the manipulation and control of verbal or visual-spatial 
representations in addition to their maintenance on-line produce similarly discrepant findings, 
possibly associated with age.  Thus, whereas adults’ performance on a task involving the re-
organization of verbal material was reported to be intact in the study by Williams et al. (2005b), 
performance on a task involving verbal mediation and rehearsal was impaired in a study of 
children by Joseph et al. (2005). Similarly, performance on visual spatial tasks with an executive 
function component was reported to be intact in the study of adolescents by Ozonoff and Strayer 
(2001), although other studies assessing executive functions in visual-spatial WM (all of 
children) have reported impairments (Cui et al., 2010; Morris et al., 1999; Steele, Minshew, 
Luna, & Sweeny, 2007; Williams et al., 2005b). A study by Goldberg et al. (2005) typifies the 
scope for inconsistent findings on complex WM tasks: HFA children in their study who made 
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more errors than NT children on a self-ordered search task were nevertheless unimpaired in their 
ability to generate and use an appropriate search strategy.  
Working memory in M-LFA (see Table 11 in the Appendix) 
 WISC subtest profiles reviewed by Siegel et al. (1996) show that digit span (combined 
forwards and backwards scores) is relatively spared in individuals with M-LFA, where 
‘relatively’ indicates that scores on this subtest are higher than on other verbal subtests, even if 
below standardized norms.  Frith (1970) and Farrant et al. (1999) have, amongst others, reported 
relatively intact performance on the WISC Digit Span subtest.  Unimpaired or superior forward 
digit span relative to ability-matched comparison groups has also been confirmed in studies by 
Boucher and Warrington (1976), Fein et al. (1996), and Fyffe and Prior (1978).  In the study by 
Boucher and Warrington (1976) forward digit span was reported to be chronological age-
appropriate.  Russell, Jarrold, and Henry (1996) assessed word span using a verbal repetition task 
and a nonverbal task in which children were instructed to point to previously named pictures in 
the order in which the pictures had been presented. No impairments relative to ability-matched 
comparison groups were reported. Farrant et al. (1999) also used a picture naming task to assess 
word span, reporting no impairment. Kjelgaard and Tager-Flusberg (2001) reported a mild 
impairment of nonword repetition, relative to standardized norms, with the M-LFA children’s 
standard scores being just over 1 sd below the mean. 
There are very few studies assessing executive components of WM in lower-functioning 
groups. However, when children with M-LFA in Farrant et al.’s (1999) study were asked to 
describe any strategies used to help them to recall digit strings, responses included references to 
cumulative rehearsal and number grouping. Similarly, Russell et al. (1996) reported evidence 
that verbal mediation and rehearsal were used to a greater extent by children with M-LFA than 
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by children with ID in their nonverbal memory span task.  In a second experiment reported in the 
same paper, Russell et al. (1996) assessed WM capacity, defined as the amount of information 
that can be maintained off-line during concurrent completion of a second, related task. These 
authors reported that WM capacity in children with M-LFA was impaired relative to ability-
matched young NT children but comparable to capacity in non-autistic ID children.  Thus, no 
autism-specific impairment was reported.  Griffiths, Pennington, Wehner, and Rogers (1999) 
also reported no impairment in a group of very young children with M-LFA relative to a non-
autistic ID group on a self-ordered box search task.  
Summary of Findings: Similarities and Differences in Memory Abilities Across the Spectrum  
The evidence reviewed above suggests that memory profiles in HFA and in M-LFA (as 
defined here) show a largely, but not entirely, similar profile of strengths and weaknesses relative 
to appropriate comparison groups, although HFA groups perform at a higher level than M-LFA 
groups.  Similarities and differences are summarized separately below. 
Similarities 
There are probably shared strengths in most forms of nondeclarative memory. However, 
research-based evidence on nondeclarative memory in M-LFA is almost completely lacking, and 
nondeclarative memory strengths in M-LFA are inferred from clinical evidence. Experimental 
evidence of intact semantic priming was, however, demonstrated in a predominantly lower-
functioning, mixed-ability group by Hala, Pexman, and Glenwright (2007), providing some 
research-based support for the conclusion of similarities across the spectrum.  
Within declarative memory there is a shared strength in the immediate free recall of 
supraspan sets of items that are familiar but unrelated, such as random word lists or named 
pictures of everyday objects, with evidence that enhanced recency compensates for reduced 
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primacy. There is also a shared strength on standard cued recall and PAL tasks.  Within WM 
there is a shared strength in immediate memory span for digits or unrelated words. 
There are shared weaknesses in free recall of semantically related stimuli and possibly on 
source memory tests in which cues provide contextual rather than target-specific information. 
However, research evidence on source memory in M-LFA groups is sparse. Performance on WM 
tasks involving central executive control has more often been shown to be impaired than 
unimpaired in HFA, as well as in predominantly high-functioning mixed-ability groups across 
verbal tasks (e.g., Bennetto et al., 1996) and visual-spatial tasks (Loveland, Bachevalier, Pearson, 
& Lane, 2008). It may be inferred that executive-related WM impairments extend across the 
spectrum.  Here again, however, evidence relating to M-LFA is notably lacking. 
There is almost certainly a shared weakness in all kinds of memory for emotion-related or 
person-related materials (see also the reviews of social memory abilities in ASD by Webb, 2008, 
and by Lind, 2010).  However, vulnerability to impaired memory for social stimuli is not 
absolute. Face recognition has not always been reported as impaired, and recognition of face 
parts may be spared, as in the studies of M-LFA by Wilson et al. (2007, 2009)
5
. Moreover, 
although free recall of observed or personally experienced events has consistently been shown to 
be impaired, cued recall of events – at least in response to certain types of cue – may be spared in 
M-LFA as well as in HFA groups.  In addition,  self-enactment effects have been shown to be 
typical in most relevant studies of M-LFA as well as HFA groups, as noted at various points in 
this review (see also the studies of mixed-ability groups by Farrant, Blades, & Boucher, 1998; 
Hala, Rasmussen, & Henderson, 2005; Lind & Bowler, 2009). Consistent with observations of 
spared self-enactment effects, tests of reality monitoring (‘Did you say/do it, or did I?’) have not 
invariably shown impairment, even in M-LFA groups.  
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Differences 
Difference between memory profiles in HFA as compared with M-LFA groups are, on 
the basis of current evidence, confined to certain facets of declarative memory.  Specifically: 
recognition of non-social stimuli is robustly intact in HFA with the possible exception of the 
ability to recognize stimuli composed of specific combinations of features, such as complex 
scenes or object-location/object-color combinations (see Table 2).  In contrast, recognition of 
non-social stimuli was impaired in 4 out of 7 studies of M-LFA (see Table 3).  Notably, in two of 
these 4 studies (those by Lind, 2008, and by Boucher et al., 2008a) recognition was impaired in 
an M-LFA but not an HFA group. Recognition was also impaired (at chance) in an M–LFA 
group but not in a higher-functioning autism group in a large-scale study by Barth, Fein, and 
Waterhouse (1995), not cited in the main review because it did not meet the study inclusion 
criteria.  Of the three studies showing intact recognition of non-social stimuli in M-LFA, one 
assessed immediate rather than delayed recognition, allowing for an effect of enhanced recency. 
The other two studies in which recognition was not impaired used unexpected tests, thus 
assessing incidental rather than intentional learning.  In one of these studies, incidental learning 
was significantly superior to intentional learning in children with M-LFA, whereas the opposite 
was true of a younger NT group, with the group x condition interaction highly significant 
(Russell & Jarrold, 1999). Thus, discrepancies between findings on studies of recognition of non-
social stimuli by M-LFA groups are likely to be explicable in terms of differences in 
methodology used.   
Differences between HFA and M-LFA groups on tests of free recall of non-social stimuli 
also emerged. Specifically: free recall was impaired in 9 out of 13 studies of M-LFA with only 
the immediate free recall of unrelated words being spared in some studies (see Table 5). In 
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contrast, free recall of unrelated items by HFA groups was unimpaired in 9 out of 10 studies, 
regardless of whether recall was immediate or delayed; and recall of semantically related word 
lists, sentences, stories and visual stimuli was unimpaired in13 out of 31 individual tests 
reported, with performance least impaired in conditions where verbatim recall could be utilized 
(see Table 4). Thus, although there are undoubted free recall impairments in higher-functioning 
individuals with ASD, free recall impairments are more pervasive in moderately low-functioning 
individuals with ASD. 
Discussion 
Causal Models  
Findings from the review raise two major theoretical questions.  First, how may the 
mainly shared profile of memory strengths and weaknesses across the autism spectrum be 
explained? and second, how may such differences as occur between memory profiles in HFA 
and in M-LFA be explained? Shared features of the profile are probably associated with autism 
per se and therefore emerge most clearly from studies of HFA.  We therefore consider causal 
models of the memory profile in HFA first. 
Explaining the shared memory profile as manifested in studies of HFA 
Causal models proposed by the two research groups that have studied memory in HFA 
most intensively over recent years, namely the groups headed by Minshew and by Bowler, are 
considered first.  
 
Minshew and colleagues explain uneven memory abilities in HFA in terms of an impairment 
of complex information processing, leaving the processing of simple information unimpaired 
(e.g., Minshew et al., 1997; Williams et al., 2006b). ‘Complex information processing’ is 
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variously identified with the detection or use of organizational strategies, high processing load, 
or a requirement for the integration of information.  Conversely, ‘simple information processing’ 
is identified with basic perceptual processes or a low information-processing load.  Impaired 
complex information processing is ascribed by Minshew and colleagues to neural 
disconnectivity, the pattern of spared and impaired abilities being explained in terms of “a 
generalized dysfunction of the association cortex, with sparing of primary sensory and motor 
cortex” (Minshew & Williams, 2007, p. 946). This model of the immediate causes of memory 
anomalies in ASD is consistent with evidence of a generalized bias in favor of local as opposed 
to global processing in ASD (Happé & Frith, 2006; Mottron, Dawson, Soulières, Hubert, & 
Burack 2006).  It is also consistent with models of ASD as a disconnection syndrome (Belmonte 
et al., 2004; Courchesne, 2004; Rippon, Brock, Brown & Boucher, 2007).  Notably, Minshew 
and Williams (2007) explicitly distance themselves from localisationist explanations.   
Bowler and colleagues are mainly concerned with the theoretical interpretation of 
declarative memory strengths and weaknesses in HFA.  They note a ‘subtle but persistent’ 
impairment of episodic memory combined with anomalies in the processing of semantically 
meaningful information.  They ascribe these impairments to diminished ability to bind diverse 
elements of complex stimuli such as events or stories into memory representations, referring to 
this as ‘impaired relational encoding’ (Bowler, Gaigg, & Lind, 2011; Gaigg et al., 2008).    
Bowler and colleagues further argue that single-item or simple associative item-item encoding is 
unimpaired, consistent with intact free recall of unrelated items, and intact cued recall, and PAL.  
Bowler and colleagues have been more concerned than Minshew and colleagues with 
identifying specific brain structures underlying the declarative memory impairment.  In the past, 
Bowler and colleagues have suggested that prefrontal cortex (PFC) may be the critical site of 
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dysfunction (Bowler et al., 2004). More recently they have argued for the hippocampus (HC) as 
the critical neural substrate, specifically excluding the involvement of perirhinal and entorhinal 
MTL cortices subserving single-item memory (Bowler et al., 2011).  Behavioral predictions from 
both the PFC and HC hypotheses were tested in a study by Bowler, Gaigg, and Gardiner (2010; 
see also Gaigg et al., 2008), with results favoring the HC hypothesis. A hippocampal explanation 
of impaired relational processing entails a shift of emphasis away from problems in the initial 
processing of complex associations (as argued for by Minshew’s group) and towards a failure of 
consolidation and storage according to the dominant view of HC function (see Aggleton & 
Brown, 2006).  
 In an influential review of memory in ASD, Ben Shalom (2003) concluded that episodic 
memory is selectively impaired, leaving perceptual, procedural, and semantic memory mainly 
intact (WM was not discussed).  In this review, Ben Shalom hypothesized that the episodic 
memory impairment derives from impaired co-ordination of neural activity within PFC-HC 
circuitry, consistent with the regions of interest to Bowler and colleagues.  More recently, 
however, Ben Shalom (2009) has argued more specifically that medial-PFC may be the critical 
site of dysfunction underlying not only memory anomalies but also social, emotional and 
perceptual processing anomalies in ASD. 
Like Bowler and colleagues (20004) as well as Ben Shalom (2003), Toichi and Kamio 
(2002, 2003) conclude that individuals with HFA have mild episodic memory impairment.  
Toichi and Kamio point out in addition that single-trial free recall tests constitute tests of 
memory for personally experienced episodes and that impaired performance on such tasks may 
reflect the episodic memory impairment. They further suggest that the episodic memory 
impairment in ASD may itself result from a lack of autonoetic awareness (Wheeler, Stuss, & 
Memory in ASDs 
[Type text] 
 
39 
Tulving, 1998). ‘Autonoetic awareness’ relates to that component of episodic memory that 
involves a sense that ‘I was there’ and thus self-concept and ways in which self is experienced, 
both of which may be abnormal in ASD (see Lind & Bowler, 2008 for a review).  Two studies of 
autonoetic awareness and memory in ASD support Toichi and Kamio’s suggestion (Bowler, 
Gardiner & Gaigg, 2007; Lind & Bowler, 2010). However, impaired episodic memory would 
itself impair self-concept, and the initial direction of cause and effect is uncertain. 
Joseph et al. (2005) discuss findings on memory in ASD in terms of a dual process model 
that cuts across Tulving’s systems-based distinctions.  According to this model, all declarative 
forms of memory are partially dependent on two distinct but interactive memory processes, 
namely recollection and familiarity (Aggleton & Brown, 2006; Jacoby, 1991; Mayes, Montaldi, 
& Migo, 2007; Yonelinas, 2002). Recollection is defined as a kind of recall in which a 
recognized stimulus cues recall of diverse kinds of contextual information experienced within the 
episode in which the stimulus was encountered.  It contributes to rapid, single-trial learning, and 
is almost certainly dependent on intact HC function and connectivity
6
, and possibly also on intact 
function and connectivity of dorsolateral and other regions of PFC (Aggleton & Brown, 2006; 
Kirwan et al., 2008; Mayes et al., 2007). Familiarity is defined as a feeling that one has 
experienced a stimulus before without recalling contextual detail.  It generally relates to single 
percepts or items, including complex items such as scenes, but may also contribute to recognition 
of certain kinds of association between items (Mayes et al., 2007). Familiarity increases with 
stimulus repetition, building on perceptual representations that may initially be implicit, and is 
important for slow, incremental learning.   It is thought to be dependent at least in part on intact 
function and connectivity of perirhinal and entorhinal MTL cortex (Aggleton & Brown, 2006; 
Montaldi, Spencer, Roberts, & Mayes, 2006).  Joseph et al. (2005) hypothesized that recollection 
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may be impaired in HFA, leaving familiarity intact. They argued in particular that their 
hypothesis is consistent with impaired performance on recall tasks (which rely mainly on 
recollection) in combination with good performance on recognition tests (which rely mainly on 
familiarity).  Like other theorists in the field, Joseph and colleagues hypothesize that the pattern 
of strengths and weaknesses in declarative memory in ASD may be associated with dysfunction 
within PFC-HC circuitry, leaving perirhinal and entorhinal MTL cortices unaffected.  
Boucher, Mayes, and Bigham (2008b; see also Bigham et al., 2010) argue for the same 
process-based interpretation of the declarative memory profile in HFA as Joseph and colleagues. 
Boucher and colleagues note in addition that impaired recollection impoverishes the lexical-
semantic knowledge-base (Holdstock, Mayes, Isaac, Gong, & Roberts, 2002a), which may help 
to explain the subtle semantic impairments (Kamio, Robins, Kelley, Swainson, & Fein, 2007; 
Kelley et al., 2006) as well as the verbal memory anomalies present in HFA.  Boucher and 
colleagues further suggest, following the arguments of Ullman (2001) and Thomas and 
Karmiloff-Smith (2005), that some anomalies of memory in HFA including instances of superior 
performance may be understood in terms of unusually well-developed compensatory use of 
intact memory processes.  
 Controversies and uncertainties. None of the authors whose theoretical interpretations 
are considered above would claim that their interpretations are either complete or fully proven, 
and all would recognize that many challenges remain. Outstanding amongst these is the question 
of the brain substrates of memory impairments in HFA, bearing in mind that the large majority 
of memory functions are unaffected.   
Hippocampal pathology or dysfunction has most often been proposed as the likely source 
of declarative memory impairments in ASD.  However, as early as 1976, Boucher and 
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Warrington (1976) noted that their findings on children with M-LFA differed from the pattern of 
memory impairments in HC-related acquired amnesia.  Specifically: whereas cued recall and 
PAL have almost invariably been reported to be intact across the spectrum (see Tables 6 and 7 in 
the Appendix), this is not the case in HC-related acquired amnesia (Holdstock et al., 2002b; 
Shimamura & Squire, 1988; Winocur & Weiskrantz, 1976).  Bowler et al. (2011) hypothesize 
that intact cued recall and PAL in HFA reflects compensatory learning, utilizing memory for 
single items and item-item associations, subserved by intact perirhinal/entorhinal cortices.  This 
argument is, however, weakened by the fact that the individuals with developmental amnesia of 
HC origin studied by Vargha-Khadem and colleagues (Baddeley, Vargha-Khadem, & Mishkin, 
2001; Isaacs et al., 2003; Vargha-Khadem et al., 1997) do not make the suggested compensation, 
despite having intact perirhinal and entorhinal cortices.  Rather, they resemble patients with 
acquired HC-related amnesia in having impaired PAL and cued recall, additional to impaired 
free recall. However, another group of individuals with HC-related free recall impairments, 
namely children with low birthweight, do not always have impaired cued recall and PAL (Isaacs, 
Edmonds, Chong, Lucas, Morley, & Gadian, 2004; Isaacs, Lucas, Chong, Wood, S. et al., 2000; 
Taylor, Klien, Minich, & Hack, 2000).  Notably, in Taylor et al.’s study cued recall impairment 
was significantly greater in very low birthweight children than in children with less low 
birthweights and, by implication, better-preserved HC function.  This observation suggests that 
there may be a continuum of ability to utilize cues, associated with lesser or greater degrees of 
HC dysgenesis and dysfunction.  Consistent evidence of HC pathology in individuals with ASD 
has proved elusive (for reviews see Cody, Pelphrey, & Piven, 2002; Palmen, Durston, 
Nederveen, & van Engleland, 2006; Rojas et al., 2004; for recent positive evidence from brain 
studies see Dager et al., 2007; Groen, Teluij, Buitelaar, & Tendolkar, 2010; Nicolson, DeVito, 
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Vidal, Sui, Hayashi, et al., 2006).  The inconsistency of the evidence suggests that any structural 
anomalies of HC in ASD may, like those in mildly affected individuals of low birthweight, be 
selective and difficult to detect.  
A hippocampal explanation of the memory profile in HFA might be defended on other 
grounds.  For example, Bowler (personal communication) has suggested that tests of PAL and 
cued recall in groups with ASD have been insufficiently sensitive to demonstrate a mild 
impairment that may be present.  This possibility receives preliminary support from Brown et 
al.’s (2010) finding that PAL was unimpaired in an HFA group when data were analyzed by 
ANOVA but impaired on an equivalence analysis.  Alternatively, uncertainty concerning the 
precise functions of the HC (or regions of HC; or neurotransmitters within the HC) leaves open 
the possibility that HC anomalies are different in kind from those resulting in developmental or 
acquired amnesia, with subtly different effects on memory.  In sum, although a hippocampal 
explanation of the declarative memory profile in HFA faces significant challenges, the 
hypothesis has not been disproven.    
The most commonly suggested alternative critical sites of pathology or dysfunction are 
regions of PFC, especially medial, dorsolateral, and ventrolateral regions as argued for in 
theoretical papers by Minshew and Williams (2007), Bowler et al. (2004), Ben Shalom (2009), 
and Joseph et al. (2005).  Medial PFC is known to be implicated in the socio-cognitive 
impairments diagnostic of ASD (Mundy, 2003) and is thus consistent with problems of self-
referenced forms of memory, as well as helping to explain impaired memory for person-related 
stimuli.   Similarly, dorsolateral and ventrolateral PFC have been shown to be implicated in 
executive impairments in ASD (e.g. Gilbert, Bird, Brindley, Frith, & Burgess, 2008), consistent 
with certain WM impairments.   Moreover, as pointed out by Joseph et al. (2005), dorsolateral 
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and ventrolateral regions of PFC contribute to recollection as well as to facets of WM in 
neurotypical populations (Ranganath, Johnson, & D'Esposito, 2003).  Finally, it is known that 
frontal efferents show limited development during adolescence in individuals with ASD 
(Courchesne, 2004), consistent with Minshew and Williams’ (2007) disconnectivity explanations 
of impaired encoding of complex stimuli.  
A further possibility, recently proposed on theoretical grounds by Boucher and Mayes (in 
press), is that the pattern of spared and impaired declarative memory in HFA might be explained 
in terms of parietal abnormalities.  There is a growing body of evidence showing that posterior 
regions of parietal cortex (PPC) are involved in retrieval from episodic memory (Svoboda, 
McKinnon, & Levine, 2006; Wagner, Shannon, Kahn, & Buckner, 2005). Moreover, studies by 
Berryhill et al. (2007) and by Cabeza, Ciaramelli, Olson, and Moscovitch (2008) showed that 
whereas free recall of episodic memories is impaired in individuals with bilateral PPC lesions, 
cued recall of event detail is intact, paralleling findings on HFA reported by McCrory et al. 
(2007) and by Maras and Bowler (2010).  In addition, Cabeza et al. (2008) and Davidson et al. 
(2008) reported impaired performance by patients with PPC lesions on the ‘remember’ 
component of the remember-know task, paralleling findings reported by Bowler et al. (2000a).  
Finally, Ally, Simons, McKeever, Peers and Budson (2008) reported evidence that impaired 
retrieval of episodic memories in patients with PPC lesions is associated with a loss of autonoetic 
awareness, consistent with findings reported by Bowler et al. (2007) and by Lind and Bowler 
(2010).  There have been no brain studies focusing specifically on posterior parietal cortex 
structure or function in HFA.  However, there is evidence suggestive of abnormalities affecting 
other parietal regions (e.g. McAlonan et al., 2005; Perez-Velazquez et al., 2009; Wallace et al., 
Memory in ASDs 
[Type text] 
 
44 
2010), especially in the literature on the mirror neuron system in ASD (reviewed in Rizzolatti & 
Fabbri-Destro, 2010).  
Hippocampus, PFC, and PPC are all components of the ‘default network’ thought to 
subserve internally-focused thinking as opposed to the performance of externally-directed 
activity (Buckner, Andrews-Hanna, & Schacter, 2008; Buckner & Carroll, 2007; Raichle et al., 
2001).  Cingulate cortex also forms part of the default network, and there is evidence of 
abnormal function in ASD within cingulate cortex (e.g., Chiu et al., 2008; Haznedar et al., 2000; 
Oner et al., 2007; Silk et al., 2006) and in fronto-parietal networks more generally (Thakkar et al, 
2008).  Buckner and colleagues have explicitly argued that a dysfunctional default system may 
help to explain behaviors diagnostic of ASD; and it would be parsimonious to explain the 
selective memory impairments in HFA in this way, also. 
Finally, it is possible (and indeed likely) that memory impairments in HFA have different 
brain correlates in different individuals or subgroups, with subtle behavioral differences that 
have not been detected to date.   
Explaining the differences between memory profiles in HFA and M-LFA 
 It might be assumed that the more extensive and severe declarative memory 
impairments in lower-functioning as compared to high-functioning individuals with ASD result 
from differences in IQ.  Differences in IQ can explain why performance across all kinds of 
memory task is generally better in HFA than in M-LFA.  However, verbal abilities were 
controlled for by group matching in all studies of M-LFA included in the review; moreover, 
nonverbal abilities in M-LFA groups in almost all of these studies were either comparable or 
superior to those in comparison groups (see Tables 3 and 5 in the Appendix). If IQ significantly 
influences performance on tests of declarative memory, as suggested by Brown et al. (2010), 
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superior PQ, unless statistically controlled for, might have been expected to bias findings toward 
superior performance by M-LFA groups in some studies. Instead, significant impairments 
emerged on some declarative memory tasks, but not on others.  Factor(s) other than IQ must 
therefore be driving such differences as emerge between memory in M-LFA and ability-matched 
comparison groups.  By extension, these factors must also be driving differences between M-
LFA and HFA groups. Possible additional factors are considered next. 
Hermelin and O’Connor (1970), whose pioneering studies were the first to demonstrate 
uneven memory abilities in M-LFA groups, interpreted their findings in terms of impaired ability 
to process meaning, resulting in a habitual preference for processing the physical characteristics 
of inputs.  Habitual reliance on perceptual encoding and memory can explain relatively intact 
immediate memory span in M-LFA, good rote memory abilities, and also enhanced recency in 
free recall of unrelated word strings.  Impaired ability to process meaning was not, however, 
explained by these researchers.  
 Boucher and colleagues (Boucher et al., 2008a, 2008b; Boucher & Mayes, 2011) have 
hypothesized that the more extensive declarative impairments in M-LFA as compared to HFA 
result from impaired familiarity additional to impaired recollection.  Impaired familiarity would 
mainly affect semantic as opposed to episodic memory, which could explain the failure to 
process verbal meaning, first noted by Hermelin and O’Connor (1970).   
Mayes and Boucher (2008) tentatively ascribed a combined impairment of recollection 
and familiarity to a combination of HC and perirhinal and/or entorhinal MTL dysfunction.  As 
noted in the Introduction, several early researchers had hypothesized that hippocampal pathology 
might explain impaired memory in M-LFA. Of these researchers, DeLong has most consistently 
continued to make this argument (DeLong, 1978; 1992; 2003; 2008).  In DeLong (2003) it was 
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argued that increases in the extent of pathology, from unilateral to bilateral lesions of the HC, to 
pervasive bilateral MTL lesions, result in a continuum of memory and learning disabilities from 
the mild memory anomalies in AS to the global impairments of language and learning in very 
low-functioning autism.  This is an attractive hypothesis in that it attempts to explain the 
continuum of memory and learning abilities across the whole spectrum.   
However, as noted above, the robust sparing of cued recall and PAL – typical of M-LFA 
as well as HFA groups -- is problematic for a hippocampal hypothesis and more consistent with 
PPC dysfunction (Boucher & Mayes, in press).  In the present state of knowledge, a parietal 
explanation of impaired recollection in ASD cannot, however, explain differences in the extent 
of declarative memory impairments in HFA and M-LFA.  There is a suggestion that different 
regions of PPC subserve recollection and familiarity respectively (Cabeza et al., 2008).  
However, there is no direct evidence to support this claim. In contrast, evidence linking 
familiarity/recognition/single-item memory to perirhinal cortex in non-autistic populations is 
strong (Aggleton & Brown, 2006; Montaldi, Spencer, Roberts, & Mayes, 2006).  It seems more 
likely, therefore, that any impairment of familiarity in M-LFA is associated with perirhinal 
dysgenesis or with abnormal connectivity disrupting perirhinal function.  
Of other researchers, only Minshew and Williams (2007) have, to the best of our 
knowledge, speculated concerning the brain correlates of the memory profile in M-LFA as 
distinct from brain correlates of the memory profile in HFA.  These researchers suggested that 
additional impairments of connectivity between primary sensory and association areas underlie 
the more severe cognitive impairments in low-functioning autism including, by implication, 
impairments of memory.  Although this explanation lacks specificity, impaired connectivity 
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could still underlie cognitive and mnestic limitations in M-LFA.  The issue is which neural 
circuits are disconnected, given the selective nature of memory impairments, even in M-LFA.  
The lack of hypothesis-driven brain studies of lower-functioning individuals with ASD 
means that all the above hypotheses are speculative (but see the review of brain studies by 
Bauman & Kemper, 2005, and the large-scale structural MRI study by Bonilha et al., 2008).  
Consequences of Uneven Memory Abilities Across the Spectrum 
If, as a reasonably large body of research suggests, high-functioning or ‘pure’ autism 
involves an uneven memory profile, then those facets of memory that are intact will, from the 
earliest months and years, be relied on to compensate for facets of memory that are impaired.  
For example, in the absence of reliable memory for individual episodes, high-functioning 
individuals will capitalize on their intact abilities to acquire habits, associations, routines, and 
also verbal and factual knowledge.  An example of this is given in the firsthand account of the 
exceptionally able individual ‘JS’ (reported by Boucher, 2007), who described how, after 
attending a lecture, the content of which he wishes to retain, he converts his notes into a 
narrative, which he then rehearses using phonological memory, until the narrative is established 
as an extended fact within semantic memory.   Self-organization based on habits and routines, 
plus intact or superior semantic memory, may predispose individuals with HFA to academic and 
occupational success, especially when accompanied by above average intelligence. The effects 
of anomalous memory and learning abilities in HFA are not, therefore, by any means all 
negative.  
However, compensation of the kind reported by JS is arduous and probably stressful. 
Moreover, default reliance on factual memory to compensate for impaired memory for personal 
experience distorts autobiographical memory (Crane & Goddard, 2008) and self-concept (Lind, 
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2010). The peaks and troughs in WM in HFA are less well established than the pattern of 
strengths and weaknesses in nondeclarative and declarative memory.  However, if some kinds of 
WM are impaired, as available evidence suggests, then certain facets of thinking and reasoning 
will also be impaired.  Certain negative effects of anomalous memory and learning abilities in 
HFA should therefore also occur. Moreover, the long term effects on brain development of 
uneven memory abilities and their behavioral consequences in HFA, although unknown, are 
likely to be cumulative and significant. 
 There is a much smaller and less reliable body of evidence relating to memory in M-LFA.  
However, if, as available evidence suggests, groups with M-LFA have the uneven memory 
profile associated with ‘pure’ autism, plus the additional disadvantage of an impairment of single 
item (semantic) memory, the likely behavioral consequences would be overwhelmingly negative.   
In the first place, the acquisition of word meanings would be impaired, although phonology and 
syntax, which are products of implicit learning, would be relatively spared.  This prediction is 
consistent with evidence on language abilities in M-LFA, reviewed by Boucher and Anns (in 
press).  In the second place, the acquisition of factual information would be impaired, in contrast 
to good memory for facts in HFA.  The contrasting performance by HFA and M-LFA groups on 
the Information subtest of the Wechsler tests supports this prediction (Manjiviona & Prior, 1999; 
Ozonoff, South, & Miller, 2000; Minshew et al., 2005; Siegel et al., 1996).  Impaired acquisition 
of language and of factual information would in turn explain the VQ < PQ discrepancy 
characteristic of IQ profiles in low-functioning but not high-functioning groups with ASD (Lord 
& Paul, 1997; Minshew et al., 2005; Siegel et al., 1996).  In sum, an additional impairment of 
semantic memory would explain the language and learning disabilities that distinguish lower-
functioning from high-functioning forms of ASD. On the positive side, unimpaired habit learning 
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and conditioning may be utilized adaptively in the acquisition of everyday habits and skills and 
may also underlie responsiveness to behavioral interventions.   
Directions for Future Research 
 This brief consideration of some foreseeable effects of uneven memory abilities across 
the spectrum and, at the same time, our recurrent references to a lack of available data, 
underscores the need for further investigation of memory abilities in ASD.   
The most striking lacunae in ASD memory research relate to memory in lower-
functioning individuals.  As already noted, there are almost no studies of adults with M-LFA
7
.  
There are no methodologically rigorous studies of nondeclarative, or implicit, learning in M-LFA 
despite the fact that there are almost certainly strengths here that can be utilized in remedial 
learning.  There are half the number of studies of declarative memory in M-LFA as there are of 
declarative memory in HFA.  There are no hypothesis-driven brain studies of M-LFA, although 
brain studies relating to memory in high-functioning groups are relatively common. The 
imbalance between research into memory in M-LFA as compared to research into memory in 
HFA occurs despite the fact that the foreseeable consequences of a selective declarative memory 
impairment in HFA are subtle and in some ways advantageous; whereas the foreseeable 
consequences of a more pervasive declarative memory impairment in lower-functioning forms of 
ASD are potentially catastrophic. 
This is not to argue that more research into memory in HFA is not needed, and (as noted 
earlier) there are arguments in favor of understanding ‘pure’ autism before more complex forms 
of the disorder.  Hypothesis-driven brain research is the main priority in the case of HFA. 
However, behavioral comparisons of cued recall and PAL in groups with HFA or HC-related 
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developmental amnesia would also be of critical theoretical interest.  A better understanding of 
WM strengths and weaknesses in HFA would be of practical as well as theoretical importance. 
 More generally, there is a need for longitudinal studies of memory in ASD, preferably 
starting from infancy, and ideally including clinical, neuropsychological, and brain measures. 
Normal memory development follows a reasonably well documented trajectory (Cowan, 1998).  
Autism is a developmental disorder and it was argued at the outset of this paper that congenital 
or early acquired abnormalities of memory will have cumulative consequences. To date, there 
have been no attempts to chart even selective aspects of this developmental process in groups 
with ASD.   There is also a need for cross-sectional studies in which a broad range of memory 
tasks is administered to the same participant group.  This practice would enable patterns of 
memory strengths and weaknesses to emerge directly, rather than by inference from many 
individual studies as at present (although some of Minshew’s studies of HFA partially achieve 
this aim). There is also a need for more studies directly comparing memory in higher- and lower-
functioning groups, obviating the need to make comparisons across diverse individual studies, as 
we have done herein.  Finally, if subsequent research were to prove that individuals with 
moderately low-functioning autism have somewhat more pervasive declarative memory 
impairments than groups with HFA, with consequences for language and learning, the possibility 
that very low-functioning, nonverbal individuals with ASD have a total loss of declarative 
memory should be investigated. 
Because memory weaknesses may be circumvented to at least some extent, and because 
memory strengths are used compensatively in day to day care as well as in intervention and 
remedial education, this research is of considerable practical urgency as well as theoretical 
importance. Caregivers and practitioners already circumvent memory impairments in many 
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ways, having learned by experience ‘what works.’  For example, visual timetables and 
instructions are widely used in classrooms to obviate the need to remember a succession of 
activities; family photographs and videos are used to cue and to reinforce memories of past 
events; and good habit memory is commonly utilized in remedial teaching, whether to establish 
self-care routines or in classroom learning. However, increased understanding of some of the 
blocks to learning and ways around such blocks, should enhance good practice and improve 
quality of life for individuals, their families, and caregivers.  
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Endnotes 
 
 1The inclusion criteria relating to ability in HFA and M-LFA groups respectively do not rule out 
some overlap between the abilities of individuals included in some ‘HFA’ or ‘M-LFA’ groups. 
However, given the 15 point difference between the VQ minimum for HFA groups and VQ 
maximum for M-LFA groups, and given also that in the majority of studies reviewed ‘HFA’ 
participant groups had VQs in the 90s or 100s whereas ‘M-LFA’ participant groups had VQs in 
the 50s or 60s (see Appendix), the extent of any overlap can only be small. 
2
Lind (2008), cited in the sections on recognition in HFA and in M-LFA, refers to an 
unpublished Doctoral Thesis in which data on recognition in HFA and M-LFA groups were 
reported separately.  In a published paper in which data from these HFA and M-LFA subgroups 
were combined and compared with data from a combined ID + NT group (Lind & Bowler, 
2009a), unimpaired recognition was reported.  This observation underlines the fact that studies of 
mixed ability groups can conceal differences between higher and lower-functioning individuals, 
a possibility first noted by Boucher and Warrington (1976). 
3
Tager-Flusberg describes her participants as ‘high-functioning’. Other researchers working in 
the 1970s and 1980s also sometimes described their ASD participants as ‘relatively able’ or 
‘relatively high-functioning’. However, it must be remembered that at the time almost all 
children with a diagnosis of autism had language impairments and ID, and such terms were used 
only to imply that participants had some useful language and were able to co-operate with formal 
testing. 
4
A frequently-cited study of source memory by Farrant, Blades, and Boucher (1998), not 
included in this review because it assessed a mixed-ability (albeit predominantly low-
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functioning) group, reported unimpaired performance on what was ostensibly a reality-
monitoring task.  However, in this experiment the tester and the participant each held a different 
colored block, eliminating the need to encode social information to achieve successful 
performance.  
5
The face recognition studies by Wilson et al. (2007, 2009) used Yes/No as opposed to forced 
choice recognition tests, which might also have contributed to their somewhat unexpected 
findings. It would be interesting to compare Yes/No with forced choice recognition in people 
with ASD, not least because Yes/No recognition may rely more on recollection than on 
familiarity at least when foils are very similar to targets, whereas the reverse may be true of 
forced choice recognition (Holdstock et al., 2002b;Yonelinas, 2002).  
6
The view that whereas the HC is important for recollection, perirhinal, and entorhinal cortices 
are important for familiarity is disputed by Squire, Wixted, and Clark (2007).  These authors 
have argued that recollection/recall and familiarity are both affected in the same way whether the 
damage/dysfunction is to the hippocampus, entorhinal cortex, perirhinal cortex, or 
parahippocampal cortex, although damage/dysfunction to the last three structures has more 
serious effects on recognition memory. Nevertheless, there is growing evidence that selective HC 
pathology causes more selective as well as perhaps milder declarative memory disorders 
(Holdstock et al., 2002b; Vargha-Khadem et al., 1997) as opposed to the global and more serious 
effects of HC pathology extending into adjacent MTL cortex (Montaldi & Mayes, 2010).  
7
This lack of studies results partly from the fact that adults with ASD were not commonly 
identified until the later years of the 20
th
 century. At just this time, diagnostic criteria for ASD 
changed to include high-functioning individuals with intact language, and most research 
attention switched to this group. The fact that adults with LFA continued to be largely ignored by 
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researchers probably results from practical difficulties relating to access, ethics, and the greater 
difficulties in devising appropriate methods for testing less able people.   
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APPENDIX: Tables giving study details 
Abbreviations used in the Tables:  
AS = Asperger syndrome. HF-LN = High-functioning individuals with ASD whose language has normalized after 
initial delay. HFA = High-functioning autism as defined in this paper to include individuals with either AS or HF-
LN.  M-LFA = Moderately low-functioning autism as defined in this paper. NT = Neurotypical. ID = Intellectual 
disability (idiopathic unless otherwise stated). DLD = Developmental language disorder. SLI = Specific language 
impairment. 
DSM (various versions) = Diagnostic and Statistical Manual.  ICD-10 = International Classification of Diseases. 
ADI-R = Autism Diagnostic Interview – Revised (Lord et al., 1994). ADOS = Autism Diagnostic Observation 
Schedule (DiLavore et al., 1995). AQ = Autism Spectrum Quotient (Baron-Cohen et al., 2001). ASSQ = Autism 
Spectrum Screening Questionnaire (Ehlers et al., 1999). CARS = Childhood Autism Rating Scale (Schopler et al., 
1988).  WADIC = Wing Autism Diagnostic Interview Checklist (Wing, 1996). ASAS = Australian Scale for 
Asperger Syndrome (Garnett & Attwood, 1997). [Diagnostic criteria/ascertainment methods used for ASD 
participant selection are given in square brackets in the column headed ‘Groups’.] 
BPVS = British Picture Vocabulary Scale. CELF + Clinical Evaluation of Language Fundamentals (various versions). CLCT 
= Carrow Language Comprehension Test. CMS = Children’s Memory Scale. CPM = Coloured Progressive Matrices. CVLT 
= California Verbal Learning Test. EOWPVT = Expressive One-Word Picture Vocabulary Test. ITPA= Illinois Test of 
Psycholinguistic Abilities.  K-ABC= Kaufman Assessment Battery for Children. K-BIT = Kaufman Brief Intelligence Test. 
Mullen= Infant - Mullen Scales of Early Development. NEPSY = A developmental NEuroPSYchological assessment.  
PPVT = Peabody Picture Vocabulary Test. RAPT=Renfrew Action Picture Test. RBMT= Rivermead Behavioral 
Memory Test.  RO = Rey Osterrieth (complex figure task). RPM = Ravens Progressive Matrices. RWFT = Renfrew 
Word Finding Test.  S-B = Stanford Binet.  TROG(-E) = Test for the Reception of Grammar(-Electronic).  WAIS = 
Wechsler Adult Intelligence Scales (various editions). WASI = Wechsler Abbreviated Scale of Intelligence. 
WECHS = WAIS/WISC.  WISC = Wechsler Intelligence Scale for Children (various editions). WMTB= Working 
Memory Test Battery. 
VQ = Verbal (Intelligence) Quotient. PQ = Performance (Intelligence) Quotient (WAIS/WISC). NVQ = Nonverbal 
(Intelligence) Quotient (tests other than WAIS/WISC). FSQ = Full Scale (Intelligence) Quotient. SS = Standard 
score. VMA=Verbal Mental Age. NVMA=Nonverbal Mental Age. 
I = Immediate. D = Delayed 
MI = Memory illusion i.e. false positive response on tests of related materials 
FP = False positive response on tests of unrelated stimuli           
N/A = Not available 
N/T = Not tested 
PAL = Paired associate learning 
 
In the right-hand column of all Tables, bold type is used to indicate findings of impaired or anomalous performance 
and italics are used to indicate findings that may be questionable, although the studies cited satisfy methodological 
criteria for inclusion in this review.   
In all Tables, studies are listed in order approximating to the age of the ASD participant group tested. 
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Table 1 Nondeclarative memory in HFA  
Author(s) 
 
Groups 
 
No. Age (yrs) 
µ(sd/range) 
Ability 
µ(sd/range) 
Stimuli/task Main 
findings 
Renner et 
al. (2000) 
HFA [DSM-IV] 
NT 
14 
14 
10.2 (2.4) 
9.4  (2.0) 
IQ 99.3 (11.2) [K-BIT] 
IQ 110.7(8.1) [K-BIT] 
Perceptual priming Unimpaired 
Heaton et 
al. (2007)* 
HFA [DSM-IV] 
NT 
20 
20 
12.6 (7-19) 
11.6 (9.6-15.9) 
NVQ 92 (55-125) [RPM] 
NVQ 87 (67-131) [RPM] 
Implicit musical learning Unimpaired 
Molesworth 
et al. 
(2005) 
HFA [DSM-IV] 
 
NT 
15 
 
15 
 
11.7 (1.7) 
 
11.7 (1.8) 
 
VMA 11.7(3.0) [BPVS] 
NVQ >100 (RPM) 
VMA 11.5(3.0) [BPVS] 
NVQ c.100 (RPM) 
 
Implicit category 
formation 
 
Unimpaired 
Barnes et 
al. (2008) 
HFA [DSM-IV 
+ADI-R+ADOS] 
NT 
14 
 
14 
11.6 (1.7) 
 
11.0 (1.8) 
FSQ 110(12.6) [WISC] 
 
FSQ 116 (13.8) [WISC] 
Implicit sequence learning  
Unimpaired 
Brown et 
al. (2010) 
HFA [DSM-IV 
+ADI-R] 
NT 
26 
 
26 
11.5 (1.2) 
 
11.8 (1.6) 
 
VQ  102.2 (13.5) [WISC] 
PQ 102.2 (15.7) [WISC] 
VQ 104.3 (10.5) [WISC] 
PQ 104.1 (10.9) [WISC] 
Contextual cueing 
Motor sequence learning 
Artificial grammar learning 
Probabilistic learning 
 
Unimpaired 
Nemeth et 
al. 
(2010) 
HFA [DSM-IV 
+ADI+ADOS] 
NT  IQ-matched 
NT age-matched 
13 
 
13 
14 
11.8 (3.1) 
 
9.2 (2.6) 
11.6 (3.3) 
FSIQ 93.2 (20.7) [WISC] 
 
FSIQ 96.5 (17.7) [WISC] 
FSIQ 109.1 (12.8) [WISC] 
 
Alternating serial 
reaction time task 
 
Unimpaired 
(relative to 
both groups) 
Sears et al. 
(1994) 
HFA [DSM-III(R)] 
NT 
11 
11 
12.2 (7-22) 
12.7 (6-23) 
PQ 106 (N/A) (WECHS) 
PQ 115 (N/A) (WECHS) 
Classical conditioning Unimpaired 
Soulières 
et al. 
(2011) 
HFA [DSM-IV 
+ADI-R+ADOS] 
NT 
16 
 
15 
17.8 (11-29) 
 
16.7 (11-27) 
VQ 109.4 (81-132) [WISC] 
PQ 105.1 (77-126) [WISC] 
VQ 109.2 (91-128) [WISC] 
PQ 109.8 (87-128) [WISC] 
 
Implicit category 
formation 
 
Unimpaired 
Travers et 
al. (2010) 
HFA [DSM-IV 
+ADI-R+ADOS] 
NT 
15 
 
15 
19.0 (2.11) 
 
19.0 (2.1) 
FSQ 103 (17.8) [K-BIT] 
 
FSQ 100 (14.1) [K-BIT] 
 
Implicit sequence learning 
 
Unimpaired 
Toichi 
(2008) 
HFA [DSM-IV 
+CARS] 
NT 
18 
 
18 
23  (5.2) 
 
24.5 (7.9) 
VQ 95.3(17.9) [WAIS] 
PQ 92.1(14.8) [WAIS] 
VQ 97.2(19.5) [WAIS] 
PQ 91.2(19) [WAIS] 
 
Semantic priming 
 
Unimpaired 
Bowler et 
al. (1997) 
HFA[ICD-10] 
 
NT 
16 
 
16 
31.2 (11.0) 
 
33.3 (11.4) 
VQ 99.4 (16.7) [WAIS] 
PQ 96.3 (13.2) [WAIS] 
VQ 86.3 (19.2) [WAIS] 
PQ 96.1 (10.3) [WAIS] 
Perceptual/ 
conceptual  priming 
 
Unimpaired 
Gardiner et 
al. (2003) 
AS [ICD-10) 
 
NT 
16 
 
14 
31.6 (8.9) 
 
31.3 (7.1) 
VQ 95.8 (17.4) [WAIS] 
PQ 84.6 (13.6) [WAIS] 
VQ 94.5 (12.9) [WAIS] 
PQ 88.3 (17.1) [WAIS] 
 
Perceptual priming 
 
Unimpaired 
Gardiner et 
al. (2003) 
AS [ICD-10) 
 
NT 
10 
 
10 
28.3 (5.3) 
 
29.1 (4.6) 
VQ 89.9.(16.8) [WAIS] 
PQ 86 (18.0) [WAIS] 
VQ 93.1 (13.4) [WAIS] 
PQ 86.1 (11.0) [WAIS] 
Conceptual priming  
Unimpaired 
Bott et al., 
(2006) 
HFA 
 
NT 
10 
 
17 
30 (20-62) 
 
21 (19-48) 
VMA 27.1 (17-36) [WAIS] 
NVMA 19.5 (7-31) [WAIS] 
VMA 27.1 (20-35) [WAIS] 
NVMA19.5(17-31) [WAIS] 
 
Implicit category formation 
 
Unimpaired 
Gaigg & 
Bowler 
(2007) 
AS [ICD-10] 
NT 
14 
14 
29.7 (10.2) 
30.4 (12.2) 
FSQ 111 (17.3) [WAIS] 
FSQ 109 (12.7) [WAIS] 
Fear conditioning Impaired 
* Three participants out of 20 in each group had NVQs < 70. 
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Table 2  Declarative memory in HFA as tested by recognition   
Author(s) 
 
Groups 
 
No Age (yrs) 
µ(sd/range) 
Ability 
µ(sd/range) 
Stimuli/task Main findings 
Boucher et 
al. (2008a) 
HFA [DSM-IV 
+ASSQ]  
NT  
28 
 
23 
8.3 (1.4) 
 
8.0 (1.5 
VMA 9.11  [BPVS] 
PQ 110.3 (20.7) [WASI] 
VMA 8.0  [BPVS] 
PQ 100.2 (15.3) [WASI]  
 
Pictures 
of coloured shapes - D 
 
 
Unimpaired 
Joseph et 
al. (2005) 
HFA [DSM-IV 
+ADI-R +ADOS]** 
NT 
24 
 
24 
8;11 (2;4) 
 
8;11 (2;2) 
VQ 94 (19) [DAS] 
NVQ 99 (20) [DAS] 
VQ 89 (12) [DAS] 
NVQ 94 (14) [DAS] 
Pictures (common 
objects: 
same category; 
 different categories) 
 
Unimpaired 
(both conditions) 
Bigham et 
al. (2010) 
HFA [DSM-IV 
+CARS] 
NT 
18 
 
29 
9.2 (6;4-13;4)  
 
8.0 (5;0-10;4) 
VQ 103.7 (10.6) [BPVS] 
 
VQ 109.4 (11.6) [BPVS] 
 
Meaningless shapes - D 
 
Unimpaired 
Lind (2008) HFA 
NT 
25 
25 
9.4 (2.7) 
9.0 (3.8) 
VQ 84.9  (8.1) 
VQ 87.6 (15.0) 
Pictures  
(common objects) - D 
Unimpaired 
Williams et 
al. (2006a) 
HF-LN [DSM-IV 
+ADI+ADOS] 
NT 
38 
 
38 
11.7 (2.5) 
 
12.2 (2.2) 
VQ 106.4 (16.0) [WISC] 
PQ 100.6 (14.2) [WISC] 
VQ 107.3 (8.1) [WISC] 
PQ 106 (10.4) [WISC] 
 
Story content – D 
Complex scenes – I 
(WRAML)  
 
Unimpaired 
Impaired 
 
Renner et 
al. (2000) 
HFA [DSM-IV] 
NT 
14 
14 
10.2 (2.4) 
9.4  (2.0) 
IQ 99.3 (11.2)[K-BIT] 
IQ 110.7(8.1) [K-BIT] 
Pictures  
(common objects) - D 
Unimpaired  
 
Salmond et 
al. (2005) 
HFA [DSM-IV 
+ASAS] 
 
NT 
14 
 
 
18 
 
12.9 (0.7) 
 
 
12.6 (0.7) 
VQ 102 (4.0) [WISC] 
 
 
VQ 104 (2.0) [WISC] 
Spoken words 
(unrelated)  
Word pairs (unrelated)  
Stories (CMS)  
Pictures of common 
objects (RBMT)  
Faces (RBMT)  
Unimpaired 
 
Unimpaired 
Unimpaired 
 
Unimpaired 
Unimpaired 
Buitelaar et 
al. (1999) 
HFA [DSM-IV 
+CARS] 
Non-ASD 
psychiatric 
20 
 
20 
12;6 (3;2) 
 
12;4 (3;2) 
VQ 104.1 (15.4) [WISC] 
PQ 99.5 (22.8) [WISC] 
VQ 100.1 (13.8) [WISC] 
PQ 99.9 (15.1) [WISC] 
 
Meaningless patterns - I  
(Benton Vis. Rec. Test) 
 
Unimpaired 
Henderson 
et al. 
(2009) 
HFA [DSM-IV 
+ASSQ] 
NT 
28 
 
31 
12.5 (2.8) 
 
13.3 (2.1) 
VQ 101.1 (14.8) [WASI] 
PQ 105.2 (17.8) [WASI] 
VQ 105.0 (14.8) [WASI 
PQ 99.2 (14.4) [WASI] 
Written words 
(various encoding 
conditions;  
unexpected test) - I 
Unimpaired 
(physical feature 
encoding) 
Impaired (self- 
ref. encoding) 
Bowler et 
al. (2004) 
Young AS [ICD-10] 
Young NT 
 
Adult AS [ICD-10] 
Adult NT 
16 
16 
 
16 
16 
13.5 (1.1) 
13.4 (0.7) 
 
34.5 (6.7) 
33.4 (4.6) 
VQ 100.8 (20.7) [BPVS] 
VQ 94.6 (18.3) [BPVS] 
 
VQ 100.1 (14.9) [WAIS] 
VQ 97 (15.5) [WAIS] 
 
Written + spoken words 
(unrelated; various 
encoding conditions) - D 
 
Impaired 
(combined AS 
groups - scores 
corrected for FPs) 
 
Kamio & 
Toichi 
(2007) 
HF-LN [ICD-10] 
 
AS [ICD-10] 
 
NT 
13 
 
15 
 
15 
16.4 (4.4) 
 
19.0 (5.6) 
 
20.3 (7.0) 
VQ 102.5 (17.9) [WAIS] 
FSQ  97.8 (16.3)[WAIS] 
VQ 105.4 (16.0) [WAIS] 
FSQ  99.5 (15.6)[WAIS] 
VQ 102.9 (14.3)[WAIS] 
FSQ101.9 (14.5)[WAIS] 
 
 
Spoken sentences - D 
 
HF-LN 
unimpaired   
(fewer MIs) 
AS unimpaired 
(same MIs) 
Hillier et al. 
(2007) 
HFA [DSM-IV 
+ADI-R]* 
NT 
14 
 
14 
21.7 (6.4) 
 
23.3 (3.5) 
VQ 116.4 (17.4) [WAIS] 
PQ 104.8 (16.2) [WAIS] 
VQ 112.3 (8.5) [WAIS]  
PQ 109 (14.4) [WAIS] 
Geometric shapes - I  
 
Spoken words   
(semantically related) - I 
Superior 
 (fewer FPs)  
Unimpaired 
(same MIs) 
Boucher et 
al. (2005) 
HFA [DSM-IV 
+WADC] 
NT 
10 
 
10 
23;9 (7;9) 
 
24.2 (8;1) 
VQ 105.5 (20.2) [WAIS] 
PQ 90.3 (19.3) [WAIS] 
VQ 104.4 (13.2) [WAIS] 
PQ 97.5 (16.9) [WAIS] 
Written words 
(unrelated) – D 
Pictures of common 
objects - D 
Unfamiliar faces - D 
 
Unimpaired 
 
Unimpaired 
Impaired 
Bowler et 
al. (2000b) 
Expt. 2 
AS [ICD-10] 
 
NT 
10 
 
10 
28.5 (8.6) 
 
26.1 (9.0) 
VQ 89.2 (9.7) [WAIS] 
PQ 82.7 (8.9) [WAIS] 
VQ 92.8 (15.4) [WAIS] 
PQ 88.5 (18.1) (WAIS 
 
Written words 
(related) - I 
 
 
Unimpaired 
(same FPs) 
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Beversdorf 
et al. 
(2000) 
HFA [DSM-IV 
+ADI-R] 
NT 
8 
 
16 
31.8 (8.6) 
 
31.4 (12.1) 
VQ 114 (19.7) [WAIS] 
PQ 106.1 (16.0) [WAIS] 
VQ 114.9 (16.4) [WAIS] 
PQ 107.4 (10.3) [WAIS] 
 
Spoken words  
(semantically related) – I 
 
Unimpaired  
(fewer MIs) 
Bowler et 
al. (2000a) 
HFA [ICD-10] 
 
NT 
16 
 
15 
30.9 (6.3) 
 
31.1 (5.6) 
VQ 96.5 (14.4) [WAIS] 
PQ 90.1 (11.8) [WAIS] 
VQ 96.5 (14.4) [WAIS] 
PQ 90.1 (11.8) (WAIS 
 
Written words 
(unrelated) - D 
 
 
Unimpaired 
Ambery et 
al. (2006) 
AS [ICD-10 
+ADI-R+ADOS] 
NT 
27 
 
20 
37.6 (14.6) 
 
33.5 (12.0) 
VQ 106.1 (15.7) [WAIS] 
PQ 103.7 (19.2) [WAIS] 
VQ 107.1 (13.1) [WAIS] 
PQ 109.4 (18.5) [WAIS] 
Pictures of doors 
Proper names 
(Doors and People test) 
Unimpaired 
Unimpaired 
Bowler et 
al. (2010) 
HFA [DSM-IV-TR 
+ ADOS]*** 
NT 
19 
 
19 
36.5 (13.7) 
 
37.5 (12.4) 
VQ 107.3 (14.5) [WAIS] 
PQ 100.9 (14.2) [WAIS] 
VQ 107.5 (14.0) [WAIS] 
PQ 106.1 (18.0) [WAIS] 
Objects, locations, colors 
 Separately - D 
Object-location/object-
color combinations - D 
Unimpaired 
 
Impaired 
Bowler et 
al. (2008a) 
HFA [DSM-IV] 
 
NT 
20 
 
20 
31.8 (11.2) 
 
34.5 (11.9) 
VQ 100.4 (17.9 [WAIS] 
PQ 94.8 (19.0) [WAIS] 
VQ 101.1 (12.4) [WAIS] 
PQ 101.1 (13.3 ) (WAIS 
Written words 
(unrelated; in context of 
semantically related/ 
unrelated words) - D 
 
Unimpaired 
(both conditions) 
Toichi et al. 
(2002) 
HFA [DSM-IV 
+CARS] 
 
NT 
18 
 
 
18 
23.0 (5.2) 
 
 
24.5 (7.9) 
VQ 95.3 (17.9) [WAIS] 
PQ  92.1 (14.8) [WAIS] 
 
VQ 97.2 (19.5) [WAIS] 
PQ 91.2 (19.0) [WAIS] 
 
Written words 
(various encoding 
conditions;  
unexpected test) - I 
Superior (phon- 
ological encoding) 
Unimpaired (sem- 
antic encoding)  
Impaired (self- 
(ref. encoding) 
Lombardo 
et al. 
(2007) 
HFA [DSM-IV 
+ AQ] 
 
NT 
30 
 
 
30 
29.1 (7.4) 
 
 
29.9 (7.8) 
VQ 116.1 (12.8) [WAIS] 
PQ 114.2 (14.2) [WAIS] 
 
VQ 116.5 (8.7) [WAIS] 
PQ 114.4 (10.1) [WAIS] 
 
Written words 
(various encoding 
conditions;  
unexpected test) - D 
Unimpaired 
(physical feature 
encoding) 
Impaired (self- 
ref. encoding)  
Williams et 
al. (2005a) 
HF-LN [DSM-IV 
+ADI+ADOS] 
NT 
29 
 
34 
28.7 (10.4) 
 
26.5 (10.2) 
VQ 108.8 (14.9) [WAIS] 
PQ 100.8 (13.9) [WAIS] 
VQ 108.1 (10.1) [WAIS] 
PQ 109.8 (12.5) [WAIS] 
 
Unfamiliar faces – I & D 
 
 
Impaired 
(both conditions)  
 
* This group included individuals with AS, with HF-LN, and also PDD-NOS, but numbers of each diagnosis were not given. 
  
** Ability ranges given in the paper show that a small number of children in both groups had VQs < 70 
 
***  Groups assessed for recognition of objects, locations, and colours separately, as opposed to  object-location-colour  
combinations, overlapped and had similar ages and abilities, but were not identical. Details given here are for the groups 
tested for recognition of object-location-colour combinations.  
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Table 3  Declarative memory in M-LFA as tested by recognition 
Author(s) 
 
Groups 
 
No. Age (yrs) 
µ(sd/range) 
Ability 
µ(sd/range) 
Stimuli/task Main findings 
Klin et al. 
(1999) 
M-LFA 
 
Non-ASD 
psychiatric 
34 
 
34 
7.4 (2.9) 
 
6.3 (2.2) 
VMA 3.7 (1.0) [K-ABC] 
NVMA 4.5 (1.5) [K-ABC] 
VMA 4.9 (1.5) [K-ABC] 
NVMA 4.7 (1.4) [K-ABC] 
 
Unfamiliar faces 
[K-ABC] 
 
Impaired 
Wilson et 
al. 
(2007) 
M-LFA 
 
ID 
 
NT 
17 
 
17 
 
17 
8;7(6;11-10;10) 
 
8;9 (6;1–10.5) 
 
8;3 (6;6–10.7) 
VMA 5;6 (3;6 – 8;9) [APT] 
 
VMA 5;6 (3;0-8;10) [APT] 
 
N/T 
 
Familiar faces 
(whole, inner, outer) 
Impaired   
(relative to age-
matched 
 NT group) 
Unimpaired  
(relative to ID 
group)  
Boucher et 
al. (1998) 
M-LFA  
[DSM-IV] 
Mixed ID/SLI* 
19 
 
20 
8;8 (1.3) 
 
7;10 (1;6) 
VMA 4;1 (3;6 – 6;4) [APT] 
 
VMA 4;9 (3;6 - 6;0) [APT] 
 
Familiar faces  
 
Impaired 
Hill & 
Russell 
 (2002) 
M-LFA[DSM-IV] 
ID 
NT 
20 
20 
20 
9.8 (1.9) 
9.6 (1.1) 
6.0 (0.7) 
VQ 61.9 (16.8) [BPVS] 
VQ 62.3 (13.6) [BPVS] 
VQ 99.4 (26.2) [BPVS] 
Object pairs 
(unexpected test) - I 
 
Unimpaired 
Summers 
& Craik 
(1994) 
M-LFA  
[DSM-III-R] 
NT 
8 
 
8 
11;5 (2;3) 
 
5;0 (1;2) 
VMA 5;4 (0;11) 
 
VMA5;0 (1;2) 
 
Spoken words - D 
 
Impaired 
Hauck et 
al. (1998) 
M-LFA [DSM-
III-R] 
 
NT 
24 
 
34 
9.6 (1.7) 
 
4.7 (0.8) 
VMA 5.3 (2.3) [PPVT] 
 
VMA 5.5 (1.5) [PPVT] 
Pictures  
of common objects - D 
Unfamiliar faces - D 
(unexpected tests)  
Unimpaired 
 
Impaired 
Wilson et 
al. (2009) 
M-LFA  
[DSM-IV] 
 
ID 
NT 1 
NT 2 
19 
 
 
15 
20 
21 
9;11 (1;3) 
 
 
10;4 (1;3) 
6;7 (0;6) 
10;5 (0;6) 
VMA 6;11 (1;6) [BPVS] 
 
 
VMA 6;6 (1;6) [BPVS] 
N/T 
N/T 
 
 
Unfamiliar faces 
(parts only) 
Impaired   
(relative to age-
matched NT 
group) 
Unimpaired  
(relative to ID & 
young NT groups) 
Boucher & 
Warrington 
(1976) 
M-LFA  
[Rutter, 1968] 
ID 
 
NT 
10 
 
10 
 
10 
12;8 (8;5 – 16;11) 
 
9;3(7;1 – 13;8) 
 
12;8(8;2 – 16;1) 
VMA 5;5(3;9– 6;3) [PPVT] 
NVQ 9;3 (5;0–11;0) [CPM] 
VMA 5;7(3;8– 7;6) [PPVT] 
NVQ 8;9 (8;3–10;9) [CPM] 
N/T 
N/T 
 
Pictures 
of common objects - D 
 
Impaired  
(relative to both 
groups) 
Lind 
(2008) 
 
M-LFA 
ID 
HFA 
NT 
11 
11 
25 
25 
12.3 (3.6) 
12.2 (3.6) 
9.4 (2.7) 
9.0 (3.8) 
VQ 53.8 (11.2) 
VQ 55.9 (13.4) 
VQ 84.9  (8.1) 
VQ 87.6 (15.0)  
 
Pictures 
of common objects - D 
 
Impaired 
(relative to all 
other groups) 
Boucher et 
al. (2008a) 
M-LFA [DSM-IV 
+ CARS] 
NT 
 
HFA [DSM-IV 
+ASSQ] 
ID 
30 
 
23 
 
28 
 
24 
14.6 (1.8) 
 
8.0 (1.5) 
 
8.3 (1.4) 
 
14.3 (1.2) 
VMA 7.6 [BPVS] 
PQ 71.9 (16.7) [WASI] 
VMA 8.0  [BPVS] 
PQ 100.2 (15.3) [WASI] 
VMA 9.11  [BPVS] 
PQ 110.3 (20.7) [WASI] 
VMA 7.7  [BPVS] 
PQ 68.0 (12.2) [WASI] 
 
 
Pictures 
of coloured shapes - D 
 
Impaired  
(relative to NT 
and HFA groups)  
Unimpaired 
(relative to ID 
group) 
Boucher & 
Lewis 
(1992) 
M-LFA  
[Rutter, 1968] 
ID 
16 
 
16 
13;6 (2;8) 
 
11;2 (1;11) 
VMA c. 6;11 [TROG] 
 
VMA  c. 6;1 [TROG] 
Pictures of buildings - I 
 
Unfamiliar faces - I 
Unimpaired 
 
Impaired 
 
* The M-LFA, ID and SLI children taking part in this experiment attended one or other of two schools for children with communication disorders, 
and diagnoses were made by relevant clinicians. Ages and ability levels were calculated by combining means and sds for participants from the two 
schools. 
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Table 4  Declarative memory in HFA as tested by free recall 
Author(s) 
 
Groups 
 
No. Age (yrs) 
µ(sd/range) 
Ability 
µ(sd/range) 
Stimuli/task Main findings 
Iwanaga et 
al. (2000) 
AS [DSM-IV] 
HF-LN [DSM-IV] 
Comparison with 
standardized norms 
10 
15 
Range 4;10–6;2 
Range 5;1–6;2 
IQ 93.3 (10.2)[Tanaka-Binet] 
IQ 91.7 (13.9)[Tanaka-Binet] 
 
Sentence repetition - I 
Impaired 
(HF-LN more  
severely than AS) 
Verté et al. 
(2006) 
AS [DSM-IV-TR 
+ADI-R] 
HF-LN [DSM-IV-
TR+ADI-R] 
NT 
37 
 
50 
 
47 
8.7 (1.9) 
 
8.5 (2.1) 
 
9.4 (1.6) 
VQ 105.2 (16.3) [WISC] 
PQ 104.0 (17.8) [WISC] 
VQ 93.1 (18.0) [WISC] 
PQ 104.0 (15.9) [WISC] 
VQ 113.6 (10.4] [WISC] 
PQ 108.5 (11.9) [WISC] 
 
Meaningless patterns - D 
(Benton Vis. Retention 
Test) 
 
Impaired 
(both groups, 
 covarying for IQ) 
Renner et 
al. (2000) 
HFA [DSM-IV] 
NT 
14 
14 
10.2 (2.4) 
9.4  (2.0) 
IQ 99.3 (11.2)[K-BIT] 
IQ 110.7(8.1) )[K-BIT] 
Pictures 
 of common objects - D 
Unimpaired 
(reduced primacy) 
Botting & 
Conti-
Ramsden 
(2003) 
HFA [DSM-IV + 
CARS] 
SLI*** 
Comparison with 
standardized norms 
13 
 
29 
10;10 (10;2-
12;6) 
 
10;10 (10;2-
11;9) 
PQ 90 (76-107) [WISC] 
 
PQ 85 (76-90) [WISC] 
 
Sentence repetition 
(from CELF) - I 
Impaired 
(relative to norms)  
Unimpaired 
(relative to SLI group) 
Whitehouse 
et al. (2008) 
HFA [DSM-IV 
 + ADOS] 
SLI 
Comparison with  
standardized norms 
16 
 
34 
10;8 (2;7) 
 
11;10 (2;3) 
VQ 101.8 (9.6) [TROG-E] 
PQ 110.3 (14.9) [WASI] 
VQ 91.7 (13.9) [TROG-E] 
PQ 100.4 (13.2) [WASI] 
 
Sentence repetition 
(from NEPSY) - I 
Unimpaired 
(relative to norms)  
Superior  
(to SLI group) 
Williams et 
al. (2006a) 
HF-LN [DSM-IV 
 +ADI+ADOS] 
 
NT 
 
38 
 
 
38 
 
11.7 (2.5) 
 
 
12.2 (2.2) 
VQ 106.4 (16.0) [WISC] 
PQ 100.6 (14.2) [WISC] 
 
VQ 107.3 (8.1) [WISC] 
PQ 106 (10.4) [WISC] 
Number-letter lists – I 
Unrelated words – I & D 
Sentence repetition – I 
Story recall – I & D 
Figure reproduction – D 
Geometric shape 
reproduction - D 
Unimpaired 
Unimpaired 
Impaired 
Impaired 
Impaired 
Impaired 
Buitelaar et 
al. (1999) 
HFA [DSM-IV 
+CARS] 
Non-ASD  
psychiatric 
20 
 
20 
12;6 (3;2) 
 
12;4 (3;2) 
VQ 104.1 (15.4) [WISC] 
PQ 99.5 (22.8) [WISC] 
VQ 100.1 (13.8) [WISC] 
PQ 99.9 (15.1) [WISC] 
 
Written words  
(unrelated) 
 over trials 
 
Unimpaired 
Salmond et 
al. (2005) 
HFA [DSM-IV 
+ASAS] 
NT 
14 
 
18 
12.9 (0.7) 
 
12.6 (0.7) 
VQ 102 (4.0) [WISC] 
 
VQ 104 (2.0) [WISC] 
Spoken words  
(unrelated) - I  
over trials (CMS) 
Story recall  
(RBMT) – I & D 
Unimpaired 
 
Impaired  
Unimpaired (trends) 
McCrory et 
al. (2007) 
AS [ICD-10] 
NT 
24 
27 
13.0 (1.2) 
12.6 (1.1) 
VQ 103.0 (17.3) [WASI] 
VQ 101.7 (12.1) [WASI] 
Naturalistic events  
involving other people 
Impaired 
Mottron et 
al. (2001) 
HFA [DSM-IV 
+ADI-R] 
NT 
14 
 
14 
17.1 (7.3) 
 
16.0 (6.8) 
VQ 103.8 (15.0) [mixed]* 
PQ 106.7 (12.3) [mixed] * 
VQ 108.9 (7.3) [mixed] * 
N/T 
Written-spoken words 
(unrelated; various 
encoding conditions) - D 
 
Unimpaired 
(all encoding conditions) 
Bowler et 
al. (2009a) 
HFA [DSM-IV-TR 
+ADI+ADOS] 
NT 
21 
 
21 
19 (8.7) 
 
16 (3.7) 
VQ106 (16.0) [WAIS] 
PQ 111 (12.8) [WAIS] 
VQ110 (10.2)[WAIS] 
PQ 108 (10.7) [WAIS] 
 
Written words  
(unrelated)  
over trials  
Unimpaired all trials 
 (typical subjective org-
anization over trials;  
reduced primacy) 
Minshew et 
al. (1992) 
HF-LN  [DSM-IV 
+ADI+ADOS] 
NT (matched pairs) 
 
15 
 
15 
21.1 (8.0) 
 
21.3 (8.3) 
VQ 98.5 (21.6) [WAIS] 
PQ 92.9 (10.7) [WAIS] 
VQ 99.1 (14.2) [WAIS] 
PQ 96.5 (12.3) [WAIS] 
Unrelated words (CVLT) 
Trial 1 – I 
over trials  
 
Unimpaired 
Unimpaired 
Minshew & 
Goldstein 
(2001) 
HF-LN  [DSM-IV 
+ ADI+ADOS] 
NT 
52 
 
40 
22.3 (0.6) 
 
21.6 (9.9) 
VQ 95.0 (17.6) [WAIS] 
PQ 91.5 (13.0) [WAIS] 
VQ 97.2 (14.6) [WAIS] 
PQ 95.8 (12.1) [WAIS] 
Unrelated words  
Trial 1 – I 
over trials  
(CVLT) 
 
Impaired 
Impaired 
Boucher et 
al. (2005) 
HFA [DSM-IV 
 + WADC] 
NT 
10 
 
10 
23;9 (7;9) 
 
24.2 (8;1) 
VQ 105.5 (20.2) [WAIS] 
PQ 90.3 (19.3) [WAIS] 
VQ 104.4 (13.2) [WAIS] 
PQ 97.5 (16.9) [WAIS] 
Story recall – I & D 
 
Figure reproduction  
– I and D (RO) 
Unimpaired 
 
Unimpaired 
(both conditions) 
Bowler et 
al. (1997) 
HFA [ICD-10] 
 
16 
 
31.2 (11.0) 
 
VQ 99.4 (16.7) [WAIS] 
PQ 86.3 (19.2) [WAIS] 
Unrelated words  – I 
 
Unimpaired 
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NT 16 33.3 (11.4) VQ 96.3 (13.2) [WAIS] 
PQ 96.1 (10.3) [WAIS] 
Semantically related 
words) - I 
Impaired 
 
Bowler et 
al. 
(2000b) 
Expt. 1 
HFA [ICD-10] 
 
NT 
10 
 
15 
29.4 (8.3) 
 
34.0 (8.1) 
VQ 90.8 (78-121) [WAIS] 
PQ 90.1 (59-130) [WAIS] 
VQ 94.3 (72-119) [WAIS] 
PQ 90.1 (76-106) [WAIS]  
 
Spoken words 
(semantically related) - I  
 
Impaired 
(excess FPs,  
but not MIs) 
Ambery et 
al. (2006) 
AS [ICD-10] 
 
NT 
27 
 
20 
37.6 (14.6) 
 
33.5 (12.0) 
VQ 106.1 (15.7) [WAIS] 
PQ 103.7 (19.2) [WAIS] 
VQ 107.1 (13.1) [WAIS] 
PQ 109.4 (18.5) [WAIS] 
Meaningless shape 
reproduction 
(‘Doors and People’) 
Story recall– I & D 
(WMS) 
 
Unimpaired 
 
Unimpaired 
Smith et al. 
(2007) 
AS [ICD-10] 
 
NT 
12 
 
12 
40.1 (10.8) 
 
39.9 (12.4) 
VQ 103.6 (18.3) [WAIS] 
PQ 104.2 (18.4) [WAIS] 
VQ 104.6 (17.2) [WAIS] 
PQ 106.3 (12.9) [WAIS] 
Written-spoken words 
unrelated – I 
+ rehearsal 
semantically related I 
+ rehearsal 
phonologically related I 
+ rehearsal 
 
Unimpaired 
Impaired 
Impaired 
Impaired 
Impaired 
Impaired 
Bowler et 
al. (2008a) 
HFA [DSM-IV] 
 
NT 
20 
 
20 
35.7 (13.7) 
 
34.4 (12.2) 
VQ 107.4 (18.1) [WAIS] 
PQ 108.6.(21.4) [WAIS] 
VQ 107.0 (14.3) [WAIS]  
PQ 106.3 (18.6) [WAIS] 
Written words  
(unrelated:  
in semantically 
related/unrelated  
word contexts) - D 
Unimpaired  
(umrelated contexts) 
Impaired  
(related contexts) 
Bowler et 
al. (2008b) 
AS [ICD-10] 
 
NT 
16 
 
16 
39 (13.1) 
 
34 (12.3) 
VQ102 (13.1) [WAIS] 
PQ 99 (17.4) [WAIS] 
VQ103 (11.7) [WAIS] 
PQ 103 (10.0) [WAIS] 
 
Written words  
(unrelated)  
over trials 
 
Unimpaired all trials 
(but atypical sub- 
jective organisation) 
Bowler et 
al. (2009b) 
HFA [DSM-IV-TR 
+ ADOS] 
NT 
20 
 
20 
33.0 (13.1) 
 
30.4 (10.0) 
VQ 107.8 (15.5) [WAIS] 
PQ 107.8 (16.6) [WAIS] 
VQ 107.4 (14.7) [WAIS] 
PQ 105.1 (12.5) [WAIS] 
 
Categorically  
organized  
word lists 
 
Unimpaired 
(reduced categorical 
organization) 
Gaigg et al. 
(2008) 
HFA [DSM-IV] 
 
NT 
20 
 
20 
34.1 (12.9) 
 
33.6 (10.8) 
VQ 101 (17.0) [WAIS] 
PQ 98 (20.0) [WAIS] 
VQ 103 (15.5) [WAIS] 
PQ 103.5 (13.0) [WAIS] 
Written words from 
various categories  - D 
As above + category  
encoding at study - D 
 
Impaired 
 
Unimpaired 
Williams et 
al. (2005a) 
HF-LN [DSM-IV 
+ADI+ADOS] 
NT 
29 
 
34 
28.7 (10.4) 
 
26.5 (10.2) 
VQ 108.8 (14.9) [mixed]* 
PQ 100.8 (13.9) [mixed] * 
VQ 108.1 (10.1) [mixed]* 
PQ 109.8 (12.5) [mixed] * 
 
Story recall – I & D 
 
 
Unimpaired 
(both conditions) 
Gaigg & 
Bowler 
(2008) 
HFA [DSM-IV 
+ADOS] 
NT 
18 
 
18 
32.8 (12.4) 
 
33.2 (13.6) 
VQ 105.2 (14.7) [WAIS] 
PQ 106.4 (17.5) [WAIS] 
VQ 105.3(12.8) [WAIS] 
PQ 104.8 (10.8) [WAIS] 
 
Emotionally arousing 
 words (on screen) 
 
Impaired 
 
* Participants were variously tested on the WISC, WAIS and S-B tests in Mottron et al.’s study, and on the WAIS and  
Kaufman Test of Educational Achievement in the Williams et al. study. 
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Table 5  Declarative memory in M-LFA as tested by free recall 
Author(s) 
 
Groups 
 
No. Age (yrs) 
µ(sd/range) 
Ability 
µ(sd/range) 
Stimuli/task Main findings 
Fein et al. 
(1996) 
M-LFA  
[DSM-III-R 
+ WADC] 
ID 
125 
 
 
110 
 
 
 
5;0 (1;4) 
 
 
4.7 (1.1) 
Vocab. score:27.6(6.0) [S-B]** 
Comp. score: 27.0(4.8) [S-B]** 
NVQ 45.6(19.4) [S-B/Bayley] 
Vocab. score:32.9(6.0) [S-B]** 
Comp. score: 33.2(8.0) [S-B]** 
NVQ 55.5 (19.9) [S-B/Bayley]  
Sentence repetition 
(from S-B) - I 
Story recall 
(McCarthy Verb. 
Mem. II)  
Impaired 
 
Impaired 
Frith (1970) M-LFA 
[Rutter,1968] 
ID 
NT 
10 
 
10 
10 
Range: 7;0 – 13;0 
 
Range: 10; - 16;0 
Range: 4;0 – 5;0 
VMA 4;6 [PPVT] 
 
VMA 4;6 [PPVT] 
VMA 4;6 [PPVT] 
Spoken word strings 
(structured, non-
meaningful) 
Serial recall - I 
Impaired 
(relative to both groups) 
(enhanced recency) 
Boucher & 
Warrington 
(1976) 
 
M-LFA 
[Rutter,1968] 
ID 
 
NT 
11 
 
11 
 
11 
10;9 (7;5–14;4) 
 
10;8 (7;2–15;4) 
 
10;8 (7;7–15;4) 
VMA 5;4 (4;0–7;1) [PPVT] 
NVMA 9;4 (7;6 -11;6) [CPM] 
VMA 5;9 (4;6–7;6) [PPVT] 
NVMA 8;6 (6;9-10;3) [CPM] 
N/T  
 
Spoken words 
(unrelated) - D 
 
Impaired 
(relative to both groups) 
Summers & 
Craik 
(1994) 
M-LFA  
[DSM-III-R] 
NT 
8 
 
8 
11;5 (2;3) 
 
5;0 (1;2) 
VMA 5;4 (0;11) 
 
VMA5;0 (1;2) 
Spoken words 
(unrelated) - I 
Impaired 
Fyffe & 
Prior 
(1978) 
M-LFA 
[Rutter,1974] 
ID 
 
NT 
14 
 
14 
 
14 
11;3 (2;4) 
 
12;2 (3;8) 
 
6;9 ( 0;3) 
VQ 58 (13) [mixed]* 
PQ 66 (16) [mixed]* 
VQ 59 (12) [mixed]* 
PQ 66 (12) [mixed]* 
N/T 
Spoken words 
(unrelated) 
  free recall – I 
Spoken sentences 
serial recall - I 
 
Unimpaired 
(relative to both groups) 
 
Impaired 
(relative to both groups) 
(enhanced recency) 
Boucher 
(1981a) 
M-LFA 
[Rutter,1974] 
ID 
11 
 
11 
11.6 (7.3-14.0) 
 
11.4 (8.0–15.4) 
VMA 6.0 (4.0–7.0) [CLCT] 
NVMA 9.3 (5.6–11.6) [CPM] 
VMA 6.0 (3.6–7.0) [CLCT] 
NVMA 9.3 (6.6–11.3) [CPM] 
 
Spoken words 
(unrelated) - I 
 
Unimpaired 
(reduced primacy; 
 enhanced recency) 
Tager-
Flusberg 
(1991) 
M-LFA  
[DSM-III] 
ID 
 
NT 
15 
 
15 
 
15 
11.2 (3.3) 
 
10.8 (3.0) 
 
4.7 (0.10) 
VMA 5.2 (1.4) [PPVT] 
NVMA 9.6 (3.0) [CPM] 
VMA 5.0 (1.8) [PPVT] 
NVMA 6.0 (2.0) [CPM] 
VMA 4.9 (1.3) [PPVT] 
NVMA   N/T 
Spoken words 
(unrelated) – I 
 
Spoken words 
(semantically  
related) - I 
Unimpaired 
(relative to both groups) 
 
Impaired 
(relative to both groups; 
 limited clustering) 
Boucher & 
Lewis 
(1989) 
M-LFA 
[Rutter,1978] 
ID 
12 
 
12 
13.1 (10;11–15;0) 
 
13;2 (10;11–15;4) 
VMA 7;6 *** [RWF] 
NVMA 11;6*** [CPM] 
VMA 7;1 *** [RWF] 
NVMA 11;3*** [CPM] 
Instructions:  
spoken I & D 
demonstrated I & D 
written: no memory 
 
Impaired 
Impaired 
Unimpaired 
Boucher 
(1981b) 
M-LFA 
[Rutter,1974] 
 
ID 
 
 
10 
 
 
10 
 
 
13;2 (10;10–16;0) 
 
 
13;3 (9;10–16;2) 
 
 
VMA  7;2 (4;8 – 10;7) [PPVT] 
VMA 6;0 (4;0 – 7;0) [CLCT] 
NVMA 10;6 (5;0–11;0) [CPM] 
VMA  9;0 (5;11–12;3) [PPVT] 
VMA 6;4 (6;0 – 7;0) [CLCT] 
NVMA 10;3 (5;0–11;0) [CPM] 
 
Past activities 
own  - D  
 
 
Impaired 
 
Millward et 
al. (2000) 
M-LFA  
[DSM-III-R] 
NT 
12 
 
12 
13.1 (11.8–15.8) 
 
6.3 (4.5–10.3) 
VMA 6.3 (4.5 – 10.3) [BPVS] 
 
VMA 6.2 (4.9 – 7.1) [BPVS] 
Past activities:  
own - D 
others’ - D 
 
Impaired 
Unimpaired 
(see text) 
Boucher 
(1978) 
M-LFA 
[Rutter,1968] 
NT 
10 
 
10 
14;2 (9;10–18;0) 
 
13;11 (9;5–16;7) 
VMA 5;9 (4;7 – 9;5) [PPVT] 
NVMA 8;9 (5;6-11;0)[CPM] 
N/T  
Written/spoken words 
(unrelated) - I 
Unimpaired  
(age-appropriate 
 recency)  
Hare et al. 
(2007) 
M-LFA 
[DSM- 
IV/ICD-10] 
ID 
12 
 
14 
27.7 (6.3) 
 
49.6 (10.2) 
VMA 6.1 (1.9) [BPVS] 
VMA 5.3 (1.2) [TROG] 
VMA 6.8 (1.5) [BPVS] 
VMA 4.5 (0.5) [TROG] 
Past activities: 
own - D 
others’ - D 
 
Unimpaired 
Unimpaired 
(floor effects) 
 
* IQ scores were obtained from WISC, Binet, Leiter performance scale, and PPVT. 
** Mean score on these tests is 50 (sd 8.0). 
*** Ranges are given in terms of raw scores in the report, and are closely similar in the two groups. 
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Table 6  Declarative memory in HFA as tested by cued recall 
Author(s) 
 
Groups 
 
No. Age (yrs) 
µ(sd/range) 
Ability 
µ(sd/range) 
Stimuli/task Outcomes 
 
Williams et 
al. (2006b) 
HF-LN [DSM-IV 
 +ADI+ADOS] 
NT 
38 
 
38 
11.4 (2.2) 
 
11.8 (2.2) 
VQ 105.5 (16.1) [WISC] 
PQ 102.1 (14.6) [WISC] 
VQ 107.9 (8.2) [WISC] 
PQ 106 (8.4) [WISC] 
 
Sound-symbol associations 
Design-location associations 
 
Unimpaired 
Unimpaired 
 
Brown et 
al. (2010) 
HFA [DSM-IV 
+ADI-R] 
NT 
26 
 
26 
11.5 (1.2) 
 
11.8 (1.6) 
 
VQ  102.2 (13.5) [WISC] 
PQ 102.2 (15.7) [WISC] 
VQ 104.3 (10.5) [WISC] 
PQ 104.1 (10.9) [WISC] 
PAL 
(visual presentation, 
typed response) 
Unimpaired 
(ANOVA) 
Impaired  
(equivalence analysis) 
Salmond et 
al. (2005) 
HFA [DSM-IV 
+ASAS] 
NT 
14 
 
18 
12.9 (0.7) 
 
12.6 (0.7) 
VQ 102 (4.0) [WISC] 
 
VQ 104 (2.0) [WISC] 
Route recall – I & D 
 
Face-name associations 
Unimpaired 
 
Impaired 
McCrory et 
al. (2007) 
AS [ICD-10] 
NT 
24 
27 
13.0 (1.2) 
12.6 (1.1) 
VQ 103.0 (17.3) [WASI] 
VQ 101.7 (12.1) [WASI] 
Naturalistic events  
involving other people,  
cued by questioning 
Unimpaired 
Mottron et 
al. (2001) 
HFA [DSM-IV 
+ADI-R] 
NT 
14 
 
14 
17.1 (7.3) 
 
16.0 (6.8) 
VQ 103.8 (15.0) [mixed]* 
PQ 106.7 (12.3) [mixed]* 
VQ 108.9 (7.3) [mixed]* 
N/T 
Written-spoken words 
(unrelated:  
semantic/syllabic encoding)  
semantic/syllabic cues - D 
Unimpaired 
 (Atypical advantage 
of syllabic over 
semantic encoding) 
Ambery et 
al. (2006) 
AS [ICD-10] 
 
NT 
27 
 
20 
37.6 (14.6) 
 
33.5 (12.0) 
VQ 106.1 (15.7) [WAIS] 
PQ 103.7 (19.2) [WAIS] 
VQ 107.1 (13.1) [WAIS] 
PQ 109.4 (18.5) [WAIS] 
Proper names 
(cued by occupation) 
PAL 
(Doors and People test) 
Unimpaired 
 
Unimpaired 
Minshew & 
Goldstein 
(2001) 
HF-LN  [DSM-IV 
+ADI+ADOS] 
NT 
52 
 
40 
22.3 (0.6) 
 
21.6 (9.9) 
VQ 95.0 (17.6) [WAIS] 
PQ 91.5 (13.0) [WAIS] 
VQ 97.2 (14.6) [WAIS] 
PQ 95.8 (12.1) [WAIS] 
 
PAL 
 
Unimpaired 
 
Bowler et 
al. (1997) 
HFA[ICD-10] 
 
NT 
16 
 
16 
31.2 (11.0) 
 
33.3 (11.4) 
VQ 99.4 (16.7) [WAIS] 
PQ 96.3 (13.2) [WAIS] 
VQ 86.3 (19.2) [WAIS] 
PQ 96.1 (10.3) [WAIS] 
Written words 
(unrelated;  
word fragment cues) - D 
 
Unimpaired 
Gardiner et 
al. (2003) 
AS [ICD-10) 
 
NT 
16 
 
14 
31.6 (8.9) 
 
31.3 (7.1) 
VQ 95.8 (17.4) [WAIS] 
PQ 84.6 (13.6) [WAIS]  
VQ 94.5 (12.9) [WAIS] 
PQ 88.3 (17.1) [WAIS] 
Written words 
(unrelated;  
word fragment cues) - D 
 
Unimpaired 
Gardiner et 
al. (2003) 
AS [ICD-10) 
 
NT 
10 
 
10 
28.3 (5.3) 
 
29.1 (4.6) 
VQ 89.9.(16.8) [WAIS] 
PQ 86 (18.0) [WAIS]  
VQ 93.1 (13.4) [WAIS] 
PQ 86.1 (11.0) [WAIS] 
 
PAL - D 
 
Unimpaired 
Williams et 
al. (2005a) 
HF-LN [DSM-IV 
 +ADI+ADOS] 
NT 
29 
 
34 
28.7 (10.4) 
 
26.5 (10.2) 
VQ 108.8 (14.9) [mixed]* 
PQ 100.8 (13.9) [mixed]* 
VQ 108.1 (10.1) [mixed]* 
PQ 109.8 (12.5) [mixed]* 
PAL - I & D 
 
Family scenes  
cued by picture title 
Unimpaired 
 
Impaired 
Caron et al. 
(2004) 
HFA [DSM-IV 
+ADI+ADOS] 
NT 
16 
 
16 
17.6 (6.3) 
 
18.9 (5.7) 
VQ 102.2 (21.2) [mixed]* 
PQ 112.3 (12.9) [mixed]* 
VQ 111.1 (10.4) [mixed]* 
PQ 107..3 (12.1) [mixed]* 
 
Route recall - I 
 
Unimpaired 
Maras & 
Bowler 
(2010) 
HFA 
 
NT 
26 
 
26 
38;8 (12;5) 
 
41;3 (11;7) 
VQ 111.2 (13.2) [WAIS] 
PQ 109.1 (15.9)[WAIS] 
VQ 112.1 (14.1) [WAIS] 
PQ 109.1 (15.0)[WAIS] 
Naturalistic events  
involving other people,  
cued by questioning 
 
Unimpaired 
 
* Participants were variously tested on the WISC, WAIS and S-B tests in Mottron et al.’s study, on the WAIS and Kaufman Test of Educational  
Achievement  in the Williams et al. study, and on the WAIS and the WISC in the Caron et al. study.  
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Table 7  Declarative memory in M-LFA as tested by cued recall 
Author(s) 
 
Groups 
 
No. Age (yrs) 
µ(sd/range) 
Ability 
µ(sd/range) 
Stimuli/task Main findings 
Klin et al. 
(1999) 
M-LFA 
 
Non-ASD  
psychiatric 
 
34 
 
34 
7.4 (2.9) 
 
6.3 (2.2) 
VMA 3.7 (1.0) [K-ABC] 
NVMA 4.5 (1.5) [K-ABC] 
VMA 4.9 (1.5) [K-ABC] 
NVMA 4.7 (1.4) [K-ABC] 
 
Locations on a grid 
cued by previously 
pictured common objects 
 
Unimpaired 
Hill & 
Russell 
 (2002) 
M-LFA  
[DSM-IV] 
ID 
NT 
20 
 
20 
20 
9.8 (1.9) 
 
9.6 (1.1) 
6.0 (0.7) 
VQ 61.9 (16.8) [BPVS] 
 
VQ 62.3 (13.6) [BPVS] 
VQ 99.4 (26.2) [BPVS] 
Self- or other-performed 
actions - D 
cued by common objects 
 
Unimpaired 
(both conditions) 
Boucher & 
Warrington 
(1976) 
  
M-LFA 
[Rutter, 1968] 
ID 
 
NT 
11 
 
11 
 
11 
10;9 (7;5–14;4) 
 
10;8 (7;2–15;4) 
 
10;8 (7;7–15;4) 
VMA 5;4 (4;0–7;1) [PPVT] 
NVMA 9;4 (7;6-11;6) [CPM] 
VMA 5;9 (4;6–7;6) [PPVT] 
NVMA 8;6 (6;9-10;3) [CPM] 
N/T  
 
Spoken words 
(unrelated): 
semantic cues - D 
 
Unimpaired 
(relative to both groups) 
 
Tager-
Flusberg 
(1991) 
M-LFA  
[DSM-III] 
ID 
 
NT 
15 
 
15 
 
15 
11.2 (3.3) 
 
10.8 (3.0) 
 
4.7 (0.10) 
VMA 5.2 (1.4) [PPVT] 
NVMA 9.6 (3.0) [CPM] 
VMA 5.0 (1.8) [PPVT] 
NVMA 6.0 (2.0) [CPM] 
VMA 4.9 (1.3) [PPVT] 
NVMA   N/T 
 
Spoken words 
(unrelated):  
rhyme cues - D 
category cues - D 
 
Unimpaired 
(relative to both groups) 
 (rhyme-cued=category 
cued all groups) 
Boucher & 
Warrington 
(1976) 
 
M-LFA  
[Rutter, 1968] 
ID 
 
NT 
10 
 
10 
 
10 
12;8 (8;5–16;11) 
 
9;3 (7;1–13;8) 
 
12;8 (8;2–16;1) 
VMA 5;5(3;9– 6;3) [PPVT] 
NVMA 9;3 (5;0–11;0) [CPM] 
VMA 5;7(3;8– 7;6) [PPVT] 
NVMA 8;9 (8;3–10;9) [CPM] 
N/T 
N/T 
 
Pictures 
of common objects: 
phonological cues - D 
 
 
Unimpaired 
(relative to both groups) 
Farrant et 
al. (1999) 
 
M-LFA  
[DSM-IV] 
ID* 
NT 
17 
 
17 
17 
13.1 (3.1) 
 
13.2 (2.8) 
8.7 (3.8) 
VMA 8.3 (3.9) [BPVS] 
 
VMA 8.2 (3.7) [BPVS] 
VMA 8.3 (3.9) [BPVS] 
Named pictures  
of common objects: 
visual category cues - D 
Unimpaired 
(relative to both groups) 
(ID group impaired 
relative to NT group) 
Boucher & 
Warrington 
(1976) 
 
M-LFA  
[Rutter, 1968] 
ID 
 
NT 
12 
 
12 
 
12 
13;7 (8;11-18;4) 
 
13;0 (9;7-16;5) 
 
13;7 (9;7-17;0) 
VMA 5;2 (3;3-7;1) [PPVT] 
NVMA 9.2 (5;0-11;6)[CPM] 
VMA N/T 
NVMA 9;0 (5;3–11;6) [CPM] 
VMA N/T 
NVMA N/T  
 
PAL 
over trials 
Superior 
(relative to NVMA-
matched ID group) 
Unimpaired 
(relative to age-matched 
NT group)  
Boucher & 
Lewis 
(1989) 
M-LFA  
[Rutter, 1978] 
ID 
12 
 
12 
13.1 (10;11–15;0) 
 
13;2 (10;11–15;4) 
VMA 7;6  [RWF] 
NVMA 11;6 [CPM] 
VMA 7;1  [RWF] 
NVMA 11;3 [CPM] 
 
Own past activities: 
cued by questioning - D 
 
Unimpaired 
(but trend in small 
groups) 
Millward et 
al. (2000) 
M-LFA  
[DSM-III-R] 
NT 
12 
 
12 
13.1 (11.8–15.8) 
 
6.3 (4.5–10.3) 
VMA 6.3 (4.5–10.3) [BPVS] 
 
VMA 6.2 (4.9–7.1) [BPVS] 
Own past activities: 
cued by questioning - D 
Others’ observed 
activities - cued by 
questioning - D  
 
Impaired 
 
Unimpaired 
Hare et al. 
(2007) 
M-LFA  
[DSM-IV] 
ID 
12 
 
14 
27.7 (6.3) 
 
49.6 (10.2) 
VMA 6.1 (1.9) [BPVS] 
VMA 5.3 (1.2) [TROG] 
VMA 6.8 (1.5) [BPVS] 
VMA 4.5 (0.5) [TROG] 
 
Self- or other-performed 
actions- D 
(cues not specified) 
 
Unimpaired 
(both conditions) 
 
* This group consisted of 6 children with Down syndrome, 6 with idiopathic ID, and 5 with speech and language delay. 
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Table 8  Source memory in HFA  
Author(s) 
 
Groups 
 
No. Age (yrs) 
µ(sd/range) 
Ability 
µ(sd/range) 
Stimuli/task Main findings 
Bigham et 
al. (2010)  
HFA [DSM-IV 
+ CARS] 
NT 
18 
 
29 
9.2 (6;4-13;4) 
 
8.0 (5;0-10;4) 
VQ 103.7 (10.6) [BPVS] 
 
VQ 109.4 (11.6) [BPVS] 
Recall  
of an unrelated action 
Impaired 
Salmond et 
al. (2005) 
HFA [DSM-IV 
+ASAS] 
NT 
14 
 
18 
12.9 (0.7) 
 
12.6 (0.7) 
VQ 102 (4.0) [WISC] 
 
VQ 104 (2.0) [WISC] 
 
Recall of temporal source 
 
Unimpaired 
Bowler et 
al. (2004) 
Young AS [ICD-10] 
Young NT 
 
Adult AS [ICD-10] 
Adult NT 
16 
16 
 
16 
16 
13.5 (1.1) 
13.4 (0.7) 
 
34.5 (6.7) 
33.4 (4.6) 
VQ 100.8 (20.7) [BPVS] 
VQ 94.6 (18.3) [BPVS] 
 
VQ 100.1 (14.9) [WAIS] 
VQ 97 (15.5) [WAIS] 
Recognition 
of encoding condition 
 
Recall  
of encoding condition 
Unimpaired 
(combined AS group) 
 
Impaired 
(combined AS groups) 
Bowler et 
al. (2000a) 
HFA [ICD-10] 
 
NT 
16 
 
15 
30.9 (6.3) 
 
31.1 (5.6) 
VQ 96.5 (14.4) [WAIS] 
PQ 90.1 (11.8) [WAIS] 
VQ 96.5 (14.4) [WAIS] 
PQ 90.1 (11.8) (WAIS 
 
Recall  
of episodic experience 
 
 
Impaired 
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Table 9 Source memory in M-LFA 
Author(s) 
 
Groups 
 
No. Age (yrs) 
µ(sd/range) 
Ability 
µ(sd/range) 
Stimuli/task Main findings 
Hill & 
Russell 
 (2002) 
M-LFA  
[DSM-IV] 
ID 
NT 
20 
 
20 
20 
9.8 (1.9) 
 
9.6 (1.1) 
6.0 (0.7) 
VQ 61.9 (16.8) [BPVS] 
 
VQ 62.3 (13.6) [BPVS] 
VQ 99.4 (26.2) [BPVS] 
 
Reality monitoring 
Unimpaired  
(whole-group comparisons) 
Impaired  
(selected subgroups)  
Russell & 
Jarrold 
(1999) 
M-LFA  
[DSM-III-R] 
ID 
 
NT 
22 
 
22 
 
22 
13.2 (2.6) 
 
11.3 (1.4) 
 
6.8  (0.2) 
VMA 7.1 (1.0) [BPVS] 
 
VMA 7.2 (1.2) [BPVS] 
 
VMA 7.1  (1.0) [BPVS] 
Recognition 
of color source 
 
Reality monitoring 
(expected/ 
unexpected tests) 
 
Unimpaired 
 
Impaired 
(better in unexpected  
than expected test) 
Bigham et 
al. (2010) 
M-LFA [DSM-IV 
+CARS] 
ID 
 
NT 
29 
 
24 
 
23 
14.5 (1.8) 
 
14.3 (1.2) 
 
8.0 (1.5) 
VMA 7.6 (4.4-8.4) [BPVS] 
NVMA 8.7 [WASI] 
VMA 7.7 (4.5-8.3) [BPVS] 
NVMA 8.7 [WASI] 
VMA 8.0 (4.8-9.0) [BPVS] 
NVMA 7.8 [WASI] 
 
Recall 
of temporal location  
(before/after) 
 
 
Impaired 
(relative to both groups) 
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Table 10 Working memory in HFA 
Author(s) 
 
Groups 
 
No. Age (yrs) 
µ(sd/range) 
Ability 
µ(sd/range) 
Stimuli/task Main findings 
Cui et al. 
(2010) 
AS 
 
NT 
12 
 
29 
7.5 (0.8) 
 
7.4 (0.5) 
FSIQ 100.0 (17.1) [WISC]** 
 
FSIQ 108.3 (14.1) [WISC] 
Auditory span  
forwards 
+ backwards; 
visual-spatial span (WMTB) 
N-back tasks 
 
Superior  
Unimpaired 
Impaired  
Impaired 
Verté et al. 
(2006) 
AS [DSM-IV-TR 
+ADI-R] 
HF-LN [DSM-IV-TR 
+ADI-R] 
NT 
37 
 
50 
 
47 
8.7 (1.9) 
 
8.5 (2.1) 
 
9.4 (1.6) 
VQ 105.2 (16.3) [WISC] 
PQ 104.0 (17.8) [WISC] 
VQ 93.1 (18.0) [WISC] 
PQ 104.0 (15.9) [WISC] 
VQ 113.6 (10.4] [WISC] 
PQ 108.5 (11.9) [WISC] 
 
Spatial span forwards  
(Corsi blocks) 
 
Self-ordered  
visual-spatial search task 
 
Unimpaired 
(both groups) 
 
Impaired 
(both groups) 
Joseph et 
al. (2005) 
HFA [DSM-IV 
+ADI-R+ADOS]* 
NT 
24 
 
24 
8;11 (2;4) 
 
8;11 (2;2) 
VQ 94 (19) [DAS] 
NVQ 99 (20) [DAS] 
VQ 89 (12) [DAS] 
NVQ 94 (14) [DAS] 
Word span forwards (DAS)  
Self-ordered  
visual-spatial pointing task:  
(i) nonverbal; 
(ii) verbal mediation available 
Unimpaired 
 
 
(i) Unimpaired 
(ii) Impaired 
Zinke et al. 
(2010) 
HFA [DSM-IV 
+ADI-R+ADOS] 
NT 
15 
 
17 
9.0 (1.5) 
 
9.8 (1.7) 
V-SS 10.7 (3.0) [WISC vocab.] 
P-SS 10.7 (2.8) [WISC blocks]  
V-SS 12.8 (1.6) [WISC vocab.] 
P-SS 13.0 (3.5) [WISC blocks]  
 
Spatial span forwards  
(Corsi blocks) 
 
Unimpaired 
(despite lower IQ)  
Goldberg et 
al. (2005) 
HFA [DSM-IV 
+ADI-R+ADOS) 
NT 
17 
 
31 
10.3 (1.8) 
 
10.4 (1.5) 
VQ 99.2 (16.6) [WISC] 
PQ 98.8 (15.8) [WISC] 
VQ 116.9 (11.9) [WISC] 
PQ 105.8 (11.9) [WISC] 
 
Self-ordered  
visual-spatial search task 
 
Impaired 
(errors measure) 
Unimpaired 
(on strategy use) 
Manjiviona 
& Prior 
(1999) 
AS  
[DSM-IV/ICD-10] 
HF-LN  
[DSM-IV/ ICD-10] 
Comparison with 
standardized norms 
35 
 
21 
10.8 (2.6) 
 
10.4 (2.7)  
 
VQ 101.4 (15.7) [WISC] 
PQ 102.0 (19.9) [WISC] 
VQ 89.2 (19.2) [WISC] 
PQ 89.6 (14.6) [WISC] 
Digit span  
forwards (WISC) 
 
Digit span  
backwards (WISC) 
Unimpaired 
 (both groups –  
see text) 
Impaired 
(both groups)  
Whitehouse 
et al. 
(2008) 
HFA  
[DSM-IV +ADOS] 
SLI 
Comparison with 
standardized norms 
16 
 
34 
10;8 (2;7) 
 
11;10 (2;3) 
VQ 101.8 (9.6) [TROG-E] 
PQ 110.3 (14.9) [WASI] 
VQ 91.7 (13.9) [TROG-E] 
PQ 100.4 (13.2) [WASI] 
 
Nonword repetition 
 (NEPSY) - I 
Unimpaired 
(relative to norms)  
Superior  
(to SLI group) 
Siegel et al. 
(1996) 
HF-LN children  
[DSM-IV+ADI] 
 
HF-LN adults  
[DSM-IV+ADI] 
Comparison with  
standardized norms 
 
36 
 
45 
 
10.1 (3.5) 
 
26.5 (9.2) 
 
VQ & FSQ >70 
 
VQ & FSQ > 70 
 
Digit span  
forwards+backwards  
(WISC/WAIS) 
 
 
 
Unimpaired 
 
 
Williams et 
al. (2005b) 
HF-LN children 
[DSM-IV+ADI-
R+ADOS] 
NT children 
HF-LN adults[DSM-
IV 
+ADI-R+ADOS] 
NT adults 
24 
 
44 
 
31 
 
25 
11.8 (2.4) 
 
12.4 (2.2) 
 
26.6 (8.7) 
 
26.8 (9.1) 
VQ 112.5 (16.5) [WISC] 
PQ 106.4 (14.2) [WISC] 
VQ 110.3 (9.8) [WISC] 
PQ 108.1 (11.1) [WISC] 
VQ 111.1 (16.5) [WAIS] 
PQ 103.1 (16.6) [WAIS] 
VQ 108 (10.2) [WAIS] 
PQ 110.2 (12.8) [WAIS] 
Number-letter span 
forwards (WRAML) 
Spatial span forwards 
(finger windows-WRAML) 
Letter-number sequencing  
verbal task (WMS-III) 
Spatial span forwards+ 
backwards (WMS-III)  
Unimpaired 
 
Impaired 
 
Unimpaired 
 
Impaired 
 
Ozonoff & 
Strayer 
(2001) 
HF-LN [DSM-IV 
+ADI-R+ADOS] 
NT 
25 
 
15 
12.9 (3.2) 
 
11.8 (3.2) 
VQ 94.6 (18.5)WISC] 
PQ 99.3 (19.9) [WISC] 
VQ 103.8 (10.9) [WISC] 
PQ 110 (14.5)[WISC] 
Spatial span (nonserial) – D 
N-back visual memory task 
Self-ordered  
visual-spatial search task 
 
Unimpaired 
(all three tasks, 
covarying PQ) 
Steele et al.  
(2007) 
HF-LN [DSM-IV 
 +ADI+ADOS] 
NT 
29 
 
29 
14.8 (5.5) 
 
16.9 (5.4) 
VQ 107.5 (13.0) 
[WISC/WAIS] 
PQ 106.2 (11.8) [WISC/WAIS] 
VQ 110.1 (9.5) [WISC/WAIS] 
PQ 110.1 (9.9) [WISC/WAIS] 
 
Self-ordered  
visual-spatial search task 
 
 
Impaired 
(at higher memory 
loads) 
Minshew et 
al. (2005) 
HF-LN [DSM-IV  
+ADI+ADOS] 
Comparison with 
 standardized norms 
 
215 
 
Range 8;0-55 
 
VQ & PQ > 70 [WISC/WAIS]  
Digit span  
forwards+backwards  
(WISC/WAIS) 
 
Unimpaired 
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Morris et 
al. (1999) 
AS [ICD-10] 
 
NT 
15 
 
18 
29.5 (19–49) 
 
29.4 (19–45) 
VQ 99 (81-129) [WAIS] 
PQ 100 (84-137)[WAIS] 
VQ 106.3 (96-137) [WAIS] 
PQ 105.8 (78-136) [WAIS] 
 
Self-ordered  
visual-spatial search task 
 
Impaired 
(at higher  
memory loads) 
Poirier et 
al. (2011) 
HFA DSM-IV 
[ADOS] 
 
NT 
22 
 
22 
37.6 (13.3) 
 
37.3 (11.3) 
VQ 109.8 (18.3) [WAIS] 
PQ 108 (19.4) WAIS] 
VQ 110.5 (13.9) [WAIS] 
PQ 110.1 (11.8)  [WAIS] 
Word span 
forwards+ backwards 
(not WAIS) 
Impaired 
(item recall 
unimpaired; order 
recall Impaired) 
 
*Ability ranges given in the paper show that a small number of children in both groups had VQs < 70 
** A short form of the WISC developed for use with Chinese children was used in this study. 
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Table 11 Working memory in M-LFA 
Author(s) 
 
Groups 
 
No. Age (yrs) 
µ(sd/range) 
Ability 
µ(sd/range) 
Stimuli/task Main findings 
Griffiths et 
al. (1999) 
M-LFA  
[DSM-IV+ADI-R] 
ID/DLD**** 
18 
 
17 
4.2 (0.6) 
 
4.3 (0.8) 
VMA  2.2 (1.0) [Mullen] 
NVMA 3.1 (0.7) [Mullen] 
VMA 2.3 (0.9) [Mullen] 
NVMA 2.7 (1.2) [Mullen] 
Self-ordered search 
 (i) by location + 
design; 
(ii) by design only  
 
(i) Unimpaired 
(ii) Unimpaired 
Fein et al. 
(1996) 
M-LFA [DSM-III-R 
 + WADC] 
 
ID 
 
Comparison with 
standardized norms 
125 
 
 
110 
 
 
5;0 (1;4) 
 
 
4.7 (1.1) 
 
Vocab. score: 27.6 (6.0) [S-B]*** 
Comp. score: 27.0 (4.8) [S-B]*** 
NVQ 45.6 (19.4) [S-B or Bayley] 
Vocab. score: 32.9 (6.0) [S-B]*** 
Comp. score: 33.2 (8.0) [S-B]*** 
NVQ 55.5 (19.9) [S-B or Bayley]  
 
 
Digit span 
forwards+backwards 
(S-B)  
 
Unimpaired 
(relative to ID group) 
 
Impaired 
(relative to norm)  
 
Kjelgaard 
& Tager-
Flusberg 
(2001) 
M-LFA [DSM-IV 
+ADI+ADOS] 
Comparison with  
standardized norms 
 
21 
 
6;11 (4;0 - 14;0)  
 
VQ < 70 [CELF]  
 
Nonword repetition  
(NEPSY) - I 
 
Mild impairment 
 
  
Frith 
(1970) 
M-LFA  
[Rutter, 1968] 
ID 
NT 
10 
10 
10 
Range 7;0 –13;0 
Range 10;0-16;0 
Range 4;0–5;0 
VMA 4;6 [PPVT] 
VMA 4;6 [PPVT] 
VMA 4;6 [PPVT] 
Digit span  
forwards+backwards  
(WISC) 
Unimpaired 
(relative to both 
groups) 
Farrant et 
al. (1999) 
 
M-LFA  
[DSM-IV] 
ID 
NT 
12 
 
12 
12 
11.1 (2.8) 
 
10.9 (2.9) 
6.4 (2.0) 
VMA 6.3 (2.2) [PPVT] 
 
VMA 6.1 (1.9) [PPVT] 
VMA 6.1 (1.8) [PPVT] 
 
Named picture span 
forwards 
 
Unimpaired 
(relative to  
both groups) 
Fyffe & 
Prior 
(1978) 
M-LFA  
[Rutter, 1974] 
ID 
 
NT 
14 
 
14 
 
14 
11;3 (2;4) 
 
12;2 (3;8) 
 
6;9 ( 0;3) 
VQ 58 (13) [mixed]** 
PQ 66 (16) [mixed]** 
VQ 59 (12) [mixed]** 
PQ 66 (12) [mixed]** 
N/T 
 
Digit span  
Forwards (ITPA) 
 
Unimpaired 
(relative to  
both groups) 
Russell et 
al. (1996) 
 
M-LFA  
[DSM-III-R] 
ID 
NT 
33 
 
33 
33 
12.4 (3.0) 
 
10.8 (!.9) 
6.3 (1.2) 
VMA  6.3 (1.2) [BPVS] 
 
VMA  6.2 (1.2) [BPVS] 
N/T 
 
Word span forwards: 
(i) verbal repetition 
(ii) picture pointing 
Unimpaired  
(relative to NT group,  
both tasks) 
Superior  
(relative to ID group,  
both tasks)  
Russell et 
al. (1996) 
 
M-LFA  
[DSM-III-R] 
ID 
NT 
22 
 
22 
22 
12.5 (2.8) 
 
11.1 (2.0) 
6.8 (0.5) 
VMA  6.9  (1.5) [BPVS] 
 
VMA  6.9 (1.6) [BPVS] 
VMA  6.9 (1.5) 
 
Concurrent 
storage+processing 
tasks 
Impaired 
(relative to NT group) 
Unimpaired 
(relative to ID group) 
Farrant et 
al. (1999) 
 
M-LFA  
[DSM-IV] 
ID* 
NT 
17 
17 
17 
13.1 (3.1) 
13.2 (2.8) 
8.7 (3.8) 
VMA 8.3 (3.9) [BPVS] 
VMA 8.2 (3.7) [BPVS] 
VMA 8.3 (3.9) [BPVS] 
Digit span  
forwards+backwards  
(WISC) 
Unimpaired 
(relative to both 
groups) 
 
Boucher & 
Warrington 
(1976) 
 
M-LFA  
[Rutter, 1968] 
ID 
 
NT 
12 
 
12 
 
12 
13;7 (8;11-18;4) 
 
13;0 (9;7-16;5) 
 
13;7 (9;7-17;0) 
VMA 5;2 (3;3-7;1) [PPVT] 
NVMA 9.2 (5;0-11;6)[CPM] 
VMA N/T 
NVMA 9;0 (5;3 – >11;6) [CPM] 
VMA N/T 
NVMA N/T  
 
 
Digit span  
forwards 
Unimpaired 
(relative to age- 
Matched NT group) 
Superior 
(relative to NVMA 
-matched ID group)  
 
* This group consisted of 6 children with Down syndrome, 6 with idiopathic ID, and 5 with speech and language delay. 
 
** IQ scores were obtained from WISC, Binet, Leiter performance scale, and PPVT. 
 
***      Mean score on these tests is 50 (sd 8.0). 
 
****  This group consisted of 6 children with Down syndrome, 5 with specific speech/language delays, and 6 with general cognitive delays. 
 
